from HMW polymers. In the supplemental literature search, 1218 articles were identified on

PubMed and Embase (combined). Title and abstract screening resulted in46 potentially relevant

articles for full text screening. Of these, 13 were identified as potentially relevant for review. { Commented [HT25]: How many overiap with the 51 from first
T ] search/review?
Complete details on the systematic review are provided in the Supporting Information file at .-~} Commented [ST26R25]: | wil add this, need t double check

“Section 1 Systematic Literature Review”.

The information identified in the systematic review was used to inform the inclusion/exclusion
criteria in the section on Category Boundaries develop the health effects summaries in the section

on Hazard Identification and identify NAMs to include in the section on Tiered-Testing Strategies.

Category Boundaries

The category boundaries for HMW polymers that may present a hazard for lung overload include
those that do not meet the exclusion criteria listed under EPA’s polymer exemption at 40 CFR §
723.250(d) [ ADDIN EN.CITE

<EndNote><Cite><Author>EP A</Author><Year>2020</Year><RecNum>35</RecNum><Dis
playText>[4]</DisplayText><record><rec-number>3 5</rec-number><foreign-keys><key
app="EN" db-id="xs0a%0va7aastwex5aev0dvypOt59staSdae"
timestamp="1595770827">35</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>EP A</author></authors></contributors><titles><title>4
0 CFR § 723.250 - Polymers</title><secondary-title>Code of Federal Regulations</secondary-
title></titles><periodical><full-title>Code of Federal Regulations</full-
title></periodical><pages>https://www.law.cornell. edu/cti/text/40/723.250</pages><dates><ye

ar>2020</year></dates><urls></urls></record></Cite></EndNote>], are respirable (i.e.,
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manufactured, processed, or used in a respirable form), non-reactive, and poorly soluble. Each of
these boundary criteria, except for EPA’s polymer exclusion criteria, is discussed further below.
It should be noted that even if a HMW polymer satisties the category boundary criteria, there
may be other hazards under the conditions for use of the chemical substance due to low
molecular weight components, residuals, impurities, and/or potential metabolites that are

considered. and may ultimately be the critical effect used 1o quantify rigks.

of less than or equal to 10 pm. The cutoft of 10 um, as defined by EPA 1n its “Air Quality
Criteria for Particulate Matter”, represents “particles collected by a sampler with an upper 50%
cut point of 10 um D, [aerodynamic diameter| and a specific, fairly sharp, penetration curve” |
ADDIN EN.CITE

<EndNote><Cite><Author>EP A</Author><Year>2004</Year><RecNum>50</RecNum><Dis
playText>[23]</DisplayText><record><rec-number>50</rec-number><foreign-keys><key
app="EN" db-id="xs0a%0va7aastwex5aev0dvypOt59staSdae"
timestamp="1595790424">50</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>EPA</author></authors></contributors><titles><title>A
ir Quality Criteria for Particulate Matter, Volume I of [I</title><secondary-title>Office of
Research and Development, U.S. Environmental Protection Agency, Research Triangle Park,
North Carolina</secondary-title>></titles><periodical><tull-title>Oftice of Research and
Development, U.S. Environmental Protection Agency, Research Triangle Park, North
Carolina</full-title></periodical><pages>900,

http://ofmpub.epa.gov/eims/eimscomm.getfile?p download 1d=435945</pages><volume>EPA/
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600/P-

99/002 aF</volume><dates><year>2004</year></dates><urls></urls></record></Cite></EndN
ote>]. However, depending on the sampling method and size fraction collected, the sample may
contain particles between 10 and 30 um diameter that are excluded from the 10 pm D, fraction |
ADDIN EN.CITE

<EndNote><Cite><Author>EP A</Author><Year>2004</Y ear><RecNum>50</RecNum><Dis
playText>[23]</DisplayText><record><rec-number>50</rec-number><foreign-keys><key
app="EN" db-1d="xs0a9%0va7aastwexSaev0dvyp0Ot59staSdae"
timestamp="1595790424">50</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>EPA</author></authors></contributors><titles><title>A
ir Quality Criteria for Particulate Matter, Volume I of [I</title><secondary-title>Oftice of
Research and Development, U.S. Environmental Protection Agency, Research Triangle Park,
North Carolina</secondary-title></titles><periodical><tull-title>Office of Research and
Development, U.S. Environmental Protection Agency, Research Triangle Park, North
Carolina</full-title></periodical><pages>900,
http://ofmpub.epa.gov/eims/eimscomm.getfile?p download 1d=435945</pages><volume>EPA/
600/P-

99/002 aF</volume><dates><year>2004</year></dates><urls></urls></record></Cite></EndN
ote>].

In comparison, occupational health organizations rely on unified size fraction definitions based
on the upper size cuts of particles and entry into the different regions of the respiratory tract. For
example, the American Contference of Governmental Industrial Hygienists (ACGIH) considers

10 pm D, particles as an upper limit for particles with this size entering the alveolar region |
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ADDIN EN.CITE
<EndNote><Cite><Author>ACGIH</Author><Year>1999</Year><RecNum>52</RecNum><
DisplayText>[24]</DisplayText><record><rec-number>52</rec-number><foreign-keys><key
app="EN" db-id="xs0a%0va7aastwex5aev0dvypOt59staSdae"
timestamp="1595791048">52</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>ACGIH</author></authors></contributors><titles><title
>Particle Size-Selective Sampling for Health-Related Aerosols</title><secondary-
title>American Conference of Governmental Industrial Hygienists, Air Sampling Procedures
Committee, Ed. Vincent, J.H.</secondary-title></titles><periodical><full-title>American
Conference of Governmental Industrial Hygienists, Air Sampling Procedures Committee, Ed.
Vincent, J.H.</full-title></periodical><pages>240,
https://www.acgih.org/forms/store/ProductFormPublic/particle-size-selective-sampling-for-
particulate-air-contaminants</pages><volume>ISBN 1-1882417-30-
S<ivolume><dates><year>1999</year></dates><urls></urls></record></Cite></EndNote>].
Further, consideration must also be given to particle settling that may occur. For example, in still
air, 10 um spherical particles with a density of 1 g/cm® can remain airborne for approximately 8
minutes [ ADDIN EN.CITE
<EndNote><Cite><Author>Baron</Author><Year>2004</Year><RecNum>53</RecNum><Di
splayText>[25]</DisplayText><record><rec-number>53</rec-number><foreign-keys><key
app="EN" db-1d="xs0a%0va7aastwexSaevOdvypOtS9sta5dac"
timestamp="1595791478">53</key></toreign-keys><ref-type name="Journal Article">17</ret-
type><contributors><authors><author>Baron,

P .</author></authors></contributors><titles><title>Generation and Behavior of Airborne
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Particles (Aerosols)</title><secondary-title>Division of Applied Technology, National Institute
for Occupational Satety and Health, Centers for Disease Control and Prevention</secondary-
title></titles><periodical><tull-title>Division of Applied Technology, National Institute for
Occupational Safety and Health, Centers for Disease Control and Prevention</tull-
title></periodical><pages>40,

https://www.cdc.gov/niosh/topics/aerosols/pdfs/acrosol 101 pdi</pages><dates><year>2004</y
ear></dates><urls></urls></record></Cite></EndNote>]. However, as particle size decreases,
the airborne settling time increases (e.g., approximately 1.5 hours for 3 pm particles to settle in
still air) [ ADDIN EN.CITE

<EndNote><Cite><Author>Baron</Author><Y ear>2004</Year><RecNum>53</RecNum><Di
splayText>[24, 25]</DisplayText><record><rec-number>53</rec-number><foreign-keys><key
app="EN" db-id="xs0a9%0va7aastwexSaev0dvypOtS9staSdae"
timestamp="1595791478">53</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>Baron,

P </author></authors></contributors><titles><title>Generation and Behavior of Airborne
Particles (Aerosols)</title><secondary-title>Division of Applied Technology, National Institute
for Occupational Satety and Health, Centers for Disease Control and Prevention</secondary-
title></titles><periodical><tull-title>Division of Applied Technology, National Institute for
Occupational Safety and Health, Centers for Disease Control and Prevention</full-
title></periodical><pages>40,

https://www.cdc.gov/niosh/topics/aerosols/pdfs/aerosol 101 pdi</pages><dates><year>2004</y
ear></dates><urls></urls><record></Cite><Cite><Author>ACGIH< Author><Year>1999</Y

car><RecNum>52</RecNum><record><rec-number>52</rec-number><foreign-keys><key
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app="EN" db-id="xs0a90va7aastwex5aevOdvyp0tS9staSdae"
timestamp="1595791048">52</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>ACGIH</author></authors></contributors><titles><title
>Particle Size-Selective Sampling for Health-Related Aerosols<Vtitle><secondary-
title>American Conference of Governmental Industrial Hygienists, Air Sampling Procedures
Committee, Ed. Vincent, J.H.</secondary-title></titles><periodical><full-title>American
Conterence of Governmental Industrial Hygienists, Air Sampling Procedures Committee, Ed.
Vincent, J.H.</full-title></periodical><pages>240,
https://www.acgih.org/forms/store/ProductFormPublic/particle-size-selective-sampling-for-
particulate-air-contaminants</pages><volume>ISBN 1-1882417-30-
S</volume><dates><year>1999</year></dates><urls></urls></record></Cite></EndNote>].
Theretore, solids with even a small fraction of respirable particles may produce prolonged and
elevated airborne levels of respirable particles in the workplace. Though occupational monitoring
data provide the most direct assurance that airborne levels of respirable particles do not exceed
relevant exposure limits, particle size distribution data are typically the only metric available for
estimating potential respirability for new chemical substances. Given this limitation and the
reality that nearly all solid particulate materials may contain some percentage of respirable

particles, a practical screening cutoff is warranted for category inclusion/exclusion.

For the purposes of defining this category, we propose that HMW polymers are considered
respirable if they are manufactured, processed, used, etc., in a manner that generates the new
chemical substance with a particle or aerosol size of less than or equal to 10 um or if respirable

particles may be unintentionally generated during the life cycle of the material (e.g., impaction
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and friction during transport). Under the latter scenarios, a practical cutoff of > 1% respirable
particles by weight (wt%) as the cutoft for assessing respirable particles and this percentage
would be based on particle size distribution data for the material. The practical cutoff of > 1 wt%
is the same cutoff EPA applies to the nonreportable content of nanoscale materials | ADDIN
EN.CITE

<EndNote><Cite><Author>EP A</Author><Year>2017</Year><RecNum>54</RecNum><Dis
playText>[26]</DisplayText><record><rec-number>54</rec-number><foreign-keys><key
app="EN" db-1d="xs0a9%0va7aastwexSaev0dvyp0Ot59staSdae"
timestamp="1595791830">54</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>EPA</author></authors></contributors><titles><title>C
hemical Substances When Manufactured or Processed as Nanoscale Materials; TSCA Reporting
and Recordkeeping Requirements</title><secondary-title>Federal Register</secondary-
title></titles><periodical><full-title>Federal Register</full-title></periodical><pages>3641-
3655</pages><volume>82</volume><number>8</number><dates><year>2017</year></dates>
<urls></urls></record></Cite></EndNote>]. This same cutotf would apply to the
particle/droplet size distribution in the case of aerosols of a solid or liquid chemical substance
and would be determined based on droplet size data for the material and/or liquid application

method (e.g., spray, aerosol, mist).

EPA’s FG and FGEW criteria for E1 polymers provide a starting point for evaluating the
potential reactivity and/or cytotoxicity of HMW polymers. Therefore, we propose using these
criteria as an initial screen for determining whether a HMW polymer is considered non-reactive

or reactive and included or excluded from the category, respectively. As shown in [ REF
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_Ret46665925 \h \* MERGEFORMAT |, the E1 polymer exemption criteria include low-

concern, moderate-concern, or high-concern FGs. A summary of representative FGs meeting

each of these hazard concern levels is shown in [ REF _Ref46674358 \h \* MERGEFORMAT |.
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Figure [ SEQ Figure \* ARABIC ]. FG hazard concern levels for polymeric substances meeting

EPA’s E1 polymer exemption criteria. The FGs shown above are representative alerts for

identifying a HMW polymer as non-reactive (low concern)/reactive (moderate or high concern)

for the HMW polymer category. The following cutoffs are proposed as the category boundaries

for establishing that a HMW polymer is non-reactive: low-concern FGs (no limit), moderate-

concern FGs (FGEW > 1,000), or high-concern FGs (FGEW > 5,000). “R” represents an
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undefined structure; “X” represents a halide. See: EPA (1997) | ADDIN EN.CITE
<EndNote><Cite><Author>EP A</Author><Year>1997</Year><RecNum>36</RecNum><Dis
playText>[5]</DisplayText><record><rec-number>36</rec-number><foreign-keys><key
app="EN" db-id="xs0a%0va7aastwex5aev0dvypOt59staSdae"
timestamp="1595771575">36</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>EP A</author></authors></contributors><titles><title>P
olymer Exemption Guidance Manual</title><secondary-title>Office of Pollution Prevention and
Toxics, U.S. Environmental Protection Agency, 1200 Pennsylvania Ave., NW, Washington, DC
20460</secondary-title></titles><periodical><full-title>Office of Pollution Prevention and
Toxics, U.S. Environmental Protection Agency, 1200 Pennsylvania Ave., NW, Washington, DC
20460</tull-title></periodical><pages>54, https://www.epa.gov/sites/production/files/2015-
03/documents/polyguid.pdf</pages><volume>EPA 744-B-97-
001</volume><dates><year>1997</year></dates><urls></urls></record></Cite></EndNote>]

for further details.

A generally recognized property of respirable, low reactive (i.e., low toxicity) particles that can
cause lung overload is the poorly soluble nature of these compounds. EPA has published general
water solubility classifications, which include: negligible solubility (i.e., < 0.1 mg/L), slight
solability (i.e., > 0.1 - 100 mg/L), moderate solubility (i.e., > 100 - 1,000 mg/L), soluble (> 1,000
- 10,000 mg/L), and very soluble (> 10,000 mg/L) [ ADDIN EN.CITE
<EndNote><Cite><Author>EP A</Author><Year>2012</Y ear><RecNum>56</RecNum><Dis
playText>[27]</DisplayText><record><rec-number>56</rec-number><foreign-keys><key

app="EN" db-1d="xs0a9%0va7aastwexSaev0dvyp0Ot59staSdae"
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timestamp="1595792442">56</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>EPA</author></authors></contributors><titles><title>S
ection 5. Estimating Physical/Chemical and Environmental Fate Properties with EPI SuiteTM,
Sustainable Futures/P2 Framework Manual</title><secondary-title>Office of Pollution
Prevention and Toxics, U.S. Environmental Protection Agency, 1200 Pennsylvania Ave., NW,
Washington, DC 20460</secondary-title></titles><periodical><tull-title>Office of Pollution
Prevention and Toxics, U.S. Environmental Protection Agency, 1200 Pennsylvania Ave., NW,
Washington, DC 20460</full-title></periodical><pages>22,
https://www.epa.gov/sites/production/files/2015-05/documents/05. pdf</pages><volume>EPA-
748-B12-
001</volume><dates><year>2012</year></dates><urls></urls></record></Cite></EndNote>].
These values were not established for evaluating the solubility of particles for lung overload;
however, they may be used as conservative cutoffs for extractability, per OECD TG 120 [
ADDIN EN.CITE
<EndNote><Cite><Author>OECD</Author><Y ear>2000</Y ear><RecNum>55</RecNum><D
isplayText>[ 28 |</DisplayText><record><rec-number>55</rec-number><foreign-keys><key
app="EN" db-id="xs0a%0va7aastwex5aev0dvypOt59staSdae"
timestamp="1595792078">55</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>OECD</author></authors></contributors><titles><title
>Solution/Extraction Behaviour of Polymers in Water</title><secondary-title>OECD Guideline
for Testing of Chemicals</secondary-title></titles><periodical><full-title>OECD Guideline for
Testing of Chemicals</tull-title></periodical><pages>4, https://www.oecd-

ilibrary.org/environment/oecd-guidelines-for-the-testing-of-chemicals-section-1 -physical-
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chemical-
properties_20745753</pages><volume>120</volume><dates><year>2000</year></dates><urls
></urls></record></Cite></EndNote>], for measuring the insolubility/solubility of HMW
polymers. ECETOC (2013) [ ADDIN EN.CITE
<EndNote><Cite><Author>ECETOC</Author><Year>2013</Year><RecNum>9</RecNum><
DisplayText>[29]</DisplayText><record><rec-mamber>9</rec-mumber><foreign-keys><key
app="EN" db-1d="xs0a%0va7aastwexSaevOdvypOtS9sta5dac"
timestamp="1590845309">9</key></foreign-keys><ref-type name="Report">27</ref-
type><contributors><authors><author>ECETOC</author></authors></contributors><titles><tit
le>Poorly Soluble Particles / Lung Overload</title></titles><pages>130,
http://www.ecetoc.org/wp-content/uploads/2014/08/ECETOC-TR-122-Poorly-Soluble-Particles-
Lung-Overload.pdf</pages><number>Technical Report No.
122</number><dates><year>2013</year><pub-dates><date>December 2013</date></pub-
dates></dates><pub-location>Brussels, Belgnim</pub-location><publisher>European Centre
for Ecotoxicology and Toxicology of Chemicals</publisher><work-type>Technical
Report</work-type><urls><related-urls><url>http://www.ecetoc.org/wp-
content/uploads/2014/08/ECETOC-TR-122-Poorly-Soluble-Particles-Lung-

Overload. pdf</url></related-urls></urls></record></Cite></EndNote>] proposed an initial
biosolubility screening approach that provided qualitative determinants (i.e., “soluble”,
“msoluble”, “Low dissolution rate”, or “Very high dissolution rate”) for assessing biosolubility;
however, no quantitative thresholds were provided. In comparison, the International Commission
on Radiological Protection (ICRP) and the German Federal Institute for Occupational Safety and

Health (FIOSH) provide quantitative biosolubility cutofts. ICRP describes three categories of
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soluble radiological materials: Fast (all material rapidly dissolves at a rate of 100 day™!),
Moderate (10% of the material dissolves rapidly and the rest dissolves at a rate of 0.005 day™),
and Slow (0.1% of the material dissolves rapidly and the rest dissolves at a rate of 0.0001 day!) [
ADDIN EN.CITE
<EndNote><Cite><Author>ICRP</Author><Year>1994</Year><RecNum>26</RecNum><Dis
playText>[20]</DisplayText><record><rec-number>26</rec-number><foreign-keys><key
app="EN" db-1d="xs0a%0va7aastwexSaevOdvypOtS9sta5dac"
timestamp="1590848620">26</key></toreign-keys><ref-type name="Journal Article">17</ret-
type><contributors><authors><author>ICRP</author></authors></contributors><titles><title>
Human respiratory tract model for radiological protection. A report of a Task Group of the
International Commission on Radiological Protection</title><secondary-title>Ann
ICRP</secondary-title><alt-title>Annals of the ICRP</alt-title></titles><periodical><full-
title>Ann ICRP</full-title><abbr-1>Annals of the ICRP</abbr-1></periodical><alt-
periodical><full-title>Ann ICRP</full-title><abbr-1>Annals of the I[CRP</abbr-1></alt-
periodical><pages>1-482</pages><volume>24</volume><number>1-
3</number><edition>>1994/01/01</edition><keywords><keyword>Humans</keyword><keywo
rd>International Cooperation</keyword><keyword>*Models,
Theoretical</keyword><keyword>Neoplasms, Radiation-
Induced/*etiology/pathology/physiopathology</keyword><keyword>Radiation
Dosage</keyword><keyword>*Radiation Monitoring</keyword><keyword>*Radiation
Protection</keyword><keyword>Radioactive Pollutants</keyword><keyword>Respiratory
System/pathology/physiopathology/*radiation eftects</keyword><keyword>Respiratory Tract

Neoplasms/*etiology/pathology/physiopathology</keyword></keywords><dates><year>1994</
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year></dates><ishn>0146-6453 (Print)&#xD;0146-6453</ishn><accession-
num>7726471</accession-num><urls><related-
urls><url>https:/journals.sagepub.com/doi/pdf/10.1177/ANIB_24 1-3</url></related-
urls></urls><remote-database-provider>NLM</remote-database-
provider><language>eng</language></record></Cite></EndNote>]. FIOSH proposed a
simulated solubility threshold of < 1 mg/L in artificial lung tluids for identifying particles as
“low soluble dusts” [ ADDIN EN.CITE
<EndNote><Cite><Author>BAUA</Author><Year>2017</Year><RecNum>57</RecNum><D
isplayText>[30]</DisplayText><record><rec-number>57</rec-number><foreign-keys><key
app="EN" db-id="xs0a9%0va7aastwexSaev0dvypOtS9staSdae"
timestamp="1595794599">57</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>B AUA</author></authors></contributors><titles><title
>Methodology tor the Identification of Granular Biopersistent Particles (GBP) at
Workplaces</title><secondary-title>Federal Institute for Occupational Safety and
Health</secondary-title></titles><periodical><full-title>Federal Institute for Occupational
Safety and Health</full-title></periodical><pages>103,
https://www.baua.de/EN/Service/Publications/Report/F2336.pdf</pages><dates><year>2017<y

ear></dates><urls></urls></record></Cite></EndNote>].

As discussed-previousty above, the screening particle size cutoft and percentage of respirable
particles for inclusion in this HMW polymer category are < 10 pm and > 1 wt%, respectively.
These criteria are readily determinable based on the intended use and life cycle of the HMW

polymer. However, determining whether a HMW polymer is “poorly soluble” and a potential
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hazard concern for lung overload is also dependent on the potential daily exposure estimates.
Therefore, we propose using the inclusion/exclusion cutotfs shown in [ REF _Ref46673847 \h
V¥ MERGEFORMAT ], which consider water extractability or /biosolubility and the legally
binding permissible exposure limit (PEL), as mandated by the U.S. Occupational Safety and
Health Administration (OSHA) for respirable particulates not otherwise regulated or PNOR (i.e.,

5 mg/m®).

Scheme [ SEQ Scheme \* ARABIC ]. Screening criteria for determining water extractability
and biosolubility.

HMW Polymer

{z.g., NAMW > 10000 Dalionz)

1 > 100 mg/L
l Water extractable };'

< 106 mg/L

S ran]s : > 100 mg/L.
Ammm} §§Y eolzu: Fugd »| Excluded
{e.g., Gauble’s sehution or SELF)

< 100 mg/L

A 4

> 1 mg/l
‘ Artificial lysosomal fluid }—» Excluded

<1 mg/L

Poorly soluble

The proposed cutoffs shown in Scheme 1 are based on the following considerations. The first

screen is water extractability using the cutoff for moderately water-soluble substances. While the
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screen is intended to identify insoluble (i.e., non-extractable) HMW polymers, the EPA water
solubility classifications were not specifically established to identify potential hazards related to

lung overload and have not been established to correlate with either biosolubility or

biopersistence. Therefore, EPA’s cutotf for moderate water solubility (i.e., 100 mg/L) was
selected rather than the low water solubility cutoft, since it represents a transition from slight to
moderate water solubility and is therefore expected to be conservatively inclusive in the first step
because water extractability is generally expected to overestimate the insolubility of polymers in

biological tluids.

In the second screen, two biosolubility cutoffs may be used, either 100 mg/I. or 1 mg/L,
depending on the test system used (e.g., simulated epithelial lung fluid or artificial alveolar
macrophage lysosomal fluid). These values account for the biosolubility of the HMW polymer,

as well as the Permussible Exposure Level (PEL) for O8HA Particulates Not Gtherwiae

Regulated {(PNOR) -BEL-of § mg/m? (i.e., 50 mg/day; S mg/m® x 10 m*/day) for the frespirable

fraction| from the Occupational Safety and Health Administration (OSHA). The first value is | Commented [1A29]: crick on definition

based on EPA (2020) | ADDIN EN.CITE

<EndNote><Cite><Author>EP A</Author><Year>2020</Year><RecNum>75</RecNum><Dis
playText>[31]</DisplayText><record><rec-number>75</rec-number><foreign-keys><key
app="EN" db-1d="xs0a9%0va7aastwexSaev0dvyp0Ot59staSdae"
timestamp="1595843741">75</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>EP A</author></authors></contributors><titles><title>R
evocation of Significant New Use Rule for a Certain Chemical Substance (P-16-581), Proposed

rule</title><secondary-title>Federal Register</secondary-title></titles><periodical><full-
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title>Federal Register</full-title></periodical><pages>18179-
18181</pages><volume>85</volume><number>63</number><dates><year>2020</year></dat
es><arls></urls></record></Cite></EndNote>], where the Agency applied a biosolubility cutoff
of approximately 100 mg/l./day for a polymer in simulated epithelial lung fluid. This value
would equate to a mean dissolution rate of approximately 72 mg/day in humans, based on an
estimated daily alveolar fluid turnover of 0.72 L [ ADDIN EN.CITE
<EndNote><Cite><Author>Fronius</Author><Year>2012</Year><RecNum>58</RecNum><
DisplayText>[32]</DisplayText><record><rec-mamber>58</rec-number><foreign-keys><key
app="EN" db-1d="xs0a%0va7aastwexSaevOdvypOtS9sta5dac"
timestamp="1595795295">58</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>Fronius, M.</author><author>Clauss,
W.G.</author><author>Althaus, M.</author></authors></contributors><titles><title>Why do
we have to move fluid to be able to breath?</title><secondary-title>Frontiers in
Physiology</secondary-title></titles><periodical><full-title>Frontiers in Physiology</full-
title></periodical><pages>5,

https://www.ncbi.nlm.nih. gov/pme/articles/PMC3357553/pdf/fphys-03-

00146 pdf</pages><volume>3</volume><dates><year>2012</year></dates><urls></urls></re

cord></Cite></EndNote>]. The second value is based on the German Federal Institute for

Oceupational Satety and Health (FIOSH) biosolubility cutoft of 1 mg/L for granular

biopersistent particles. We propose application of this cutoff as a surrogate for estimating the
biosolability HMW polymers in the lysosomes of alveolar macrophages (e.g., artificial

lysosomal fluid).
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The above screening criteria for respirability, reactivity, and biosolubility provide a framework
for determining inclusion/exclusion from the HMW polymer category, as shown in Scheme 2.
The screening criteria may be used for determining whether further evaluation of the new
chemical substance is warranted using the tiered-testing strategy discussed later in this

document.
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Scheme | SEQ Scheme \* ARABIC ]. Framework for determining whether a chemical

substance is included/excluded from the HMW polymer category.

Step 1. Is the
substance a HMW
polviner?

Step 2. Is the HMW
polymer respirable?

Step 3. Is the HMW
polymer nof-
reactive?

Step 4. Is the HMW
polymer biozeluble?
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Based on the above information, the HMW polymer category was defined to include a variety of
respirable, non-reactive (i.e., low toxicity), and poorly soluble HMW (i.e., > 10,000 Daltons)
materials, which meet the above-stated criteria for these parameters. HMW polymers meeting
these criteria are those which are typically formed through various polymerization processes.
Chemical substances included are branched and linear polymers, as well as co-polymers
produced by random, block, graft, or other techniques. Crosslinked polymers were included in
the category because crosslinking can decrease water solubility, but crosslinking was not
necessary for inclusion. Therefore, the representative members of this category were refined to
include polyacrylates/methacrylates, polyvinyl polymers, polyamides, and
polyurethanes/polyureas. The water-dispersible forms polyacrylates/metacrylates and
polyurethanes/polyureas would not present hazards for lung overload and are not included in the
HMW polymer category [ ADDIN EN.CITE  ADDIN EN.CITE.DATA |; however, despite
their exclusion from the category, they would need to be assessed for other potential hazard
concerns. A summary of the structural features of these chemical substances and the chemical

boundaries that were established is shown in | REF Ref46674591 ‘th \* MERGEFORMAT .
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[ EMBED ChemDraw.Document.6.0 |

Figure [ SEQ Figure \* ARABIC ]. Representative members of the HMW polymer category.
Structure A is representative of polyacrylate/methacylate members, where R is H or methyl; R’
and R’ are typically alkyl or substituted alkyl, although there are currently no limits on the
substituents. However, charged groups such as carboxyl groups or amine groups would tend to
make the polymer dispersible in water rather than insoluble in water. R’ may be the same as R”’
or different. This example represents a polymer containing one or two monomers, although sub-
category members may comprise any number of monomers. Acrylamide and methacrylamide
monomers (NR’; replaces OR” or OR”) may also be present. Structure B is representative of
polyvinyl members, where R is H or C1-C > 20. R’ is typically methyl, CN, acetyloxy, Ph or Cl,
although there are no current limits on R’. R” may be the same as R’ or different. This example
represents a polymer containing one or two monomers, although sub-category members may
comprise any number of monomers. Copolymers (e.g., including both acrylate/methacrylate and
vinyl monomers) are also members of this category. Structure C is representative of the
polyamides group and is made of condensation polymers in which the linkages are all amide

functional groups. An example is polycaprolactam, shown.

Hazard Identification
TSCA and its implementing regulations do not require upfront testing on new chemical
substances. Therefore, when assessing new chemical substances, EPA generally identities

toxicological analogues to inform the potential hazards for the new chemical substances. The
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systematic review of the literature was used to identify inhalation studies that assessed endpoints
indicative of “overload” for potential toxicological analogues. For the purpose of defining this
chemical category, overload has the same definition as identified by EPA (1996) [ ADDIN
EN.CITE

<EndNote><Cite><Author>EP A</Author><Year>1996</Year><RecNum>59</RecNum><Dis
playText>[35]</DisplayText><record><rec-number>59</rec-number><foreign-keys><key
app="EN" db-1d="xs0a%0va7aastwexSaevOdvypOtS9sta5dac"
timestamp="1595797014">59</key></toreign-keys><ref-type name="Journal Article">17</ret-
type><contributors><authors><author>EPA</author></authors></contributors><titles><title>A
ir Quality Criteria for Particulate Matter, Volume II of HI</title><secondary-title>Oftice of
Research and Development, U.S. Environmental Protection Agency, Washington, DC
20460</secondary-title></titles><periodical><full-title>Office of Research and Development,
U.S. Environmental Protection Agency, Washington, DC 20460</full-
title></periodical><pages>774,

http://ofmpub.epa.gov/eims/eimscomm.getfile?p download id=219821</pages><volume>EPA/
600/P-
95/001bF</volume><dates><year>1996</year></dates><urls></urls></record></Cite></EndN
ote>]: “This is defined as the overwhelming of macrophage-mediated clearance by the deposition
of particles at a rate which exceeds the capacity of that clearance pathway. It is a nonspecific
effect noted in experimental studies, generally in rats, using many different kinds of poorly
solable particles (including TiO., volcanic ash, diesel exhaust particles, carbon black, and fly
ash) and results in A [alveolar] region clearance slowing or stasis, with an associated

inflammation and aggregation of macrophages in the lungs and increased translocation of
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particles into the interstitium.” The relevant studies that were identified are summarized below,
followed by the selection of studies on toxicological analogues that may serve as representative
points of departure for assessing the potential hazard for overload of some new chemical

substances.

Human Data
The hazard concerns discussed herein are limited to chronic effects in the lewer respiratory-traet

pulmonary {(alvenlar) region of rats exposed to HMW polymers. Epidemiological studies have

shown increased lung burdens in workers chronically exposed to poorly soluble particles (PSPs),
such as former coal miners; however, studies have shown that rodent models overpredict lung
burdens in humans if adjustments are not made for kinetic differences in clearance and retention
[ ADDIN EN.CITE ADDIN EN.CITE.DATA |. This is consistent with findings from well-
conducted epidemiological studies, which have not identified an association between
occupational exposure to PSPs and an increased cancer risk. Oberdorster (1995) [ ADDIN
EN.CITE

<EndNote><Cite><Author>Oberdorster</Author><Year>1995</Y ear><RecNum>60</RecNum
><DisplayText>[36|</DisplayText><record><rec-number>60</rec-mumber><foreign-
keys><key app="EN" db-id="xs0a90va7aastwexSaev0dvyp0t59staSdae"
timestamp="1595797677">60</key></toreign-keys><ref-type name="Journal Article">17</ret-
type><contributors><authors><author>Oberdorster,

G </author></authors></contributors><titles><title>Lung Particle Overload: Implications for
Occupational Exposures to Particles</title><secondary-title>Regul Toxicol

Pharmacol</secondary-title></titles><periodical><full-title>Regul Toxicol Pharmacol</full-
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title></periodical><pages>123-
135</pages><volume>27</volume><dates><year>1995</year></dates><urls></urls></record>
</Cite></EndNote>| concluded that “evidence in humans suggest that particle-overloaded lungs,
e.g., in coal workers, respond with fibrosis, but no increased incidence in lung tumors has been
found in this group”. It has also been reported that “epidemiological data from production
workers demonstrate no correlation between PSP exposure and lung cancer or other non-
malignant respiratory diseases” [ ADDIN EN.CITE ADDIN EN.CITE.DATA ]. Though
these investigations focused on PSPs, the available, yet limited data on HMW polymers provide
comparable results. For example, in a recent retrospective study of Xerox workers employed
between 1960 and 1982, workers exposed to toner did not show an increased risk of “all-cause”
or “cause-specific” mortality. The categories evaluated included cancer (e.g., lung), diabetes,
cardiovascular disease, and others [ ADDIN EN.CITE  ADDIN EN.CITE.DATA . Aside
from this one epidemiological study on toner exposures, the available studies that evalnated
potential hazards from exposures to HMW polymers were limited to inhalation studies conducted
in experimental animals as summarized below and described in further detail in Section 2
“Experimental Animal Inhalation Studies on HMW Polymers” of the Supplemental Information

file.

Animal Data - Noncancer Effects

Inhalation studies performed in rats and hamsters have demonstrated effects ranging from
inflammation to fibrosis after inhalation exposure to several HMW polymers including print
toners comprised largely of styrene/butylmethacrylate copolymer and polyvinyl chloride dust.

Several of these studies were conducted according to validated test guidelines and under good
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laboratory practice (GLP) standards, and in some cases published in the peer-reviewed literature.

A summary of these studies is provided below.

A series of sub-chronic and chronic studies were performed to test the inhalation effects of a
water-insoluble styrene/butylmethacrylate polymer (the primary component of toner used in
copy machines) of MW 70,000 in rats. In a subchronic 13-week study, rats were exposed to
aerosol concentrations of toner at 0, 1, 4, 16, and 64 mg/m® (MMAD = 4 um; GSD = 1.5; density
=1.15 g/em®) for 6 hours/day, 5 days/week. Dose-related increased lung weight and histological
lesions (thickening of alveolar structure due to hypertrophy and hyperplasia of Type II cells)
were seen in animals exposed to 16 and 64 mg/m®. These exposure concentrations also resulted
in a dose-related decrease in lung clearance, as measured by the retained quantity of the test
substance in excised lungs, and increased lung particle burden [ ADDIN EN.CITE
<EndNote><Cite><Author>Muhle</Author><Year>1990</Y ear><RecNum>14</RecNum><Di
splayText>[39]</DisplayText><record><rec-number>14</rec-number><foreign-keys><key
app="EN" db-id="xs0a%0va7aastwex5aev0dvypOt59staSdae"
timestamp="1590846288">14</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>Muhle, H.</author><author>Bellmann,
B.</author><author>Creutzenberg, O.</author><author>Fuhst, R </author><author>Koch,

W .</author><author>Mohr, U.</author><author>Takenaka, S.</author><author>Morrow,

P </author><author>Kilpper, R.</author><author>Mackenzie,
J.</author><author>Mermelstein,
R.</author></authors></contributors><titles><title>Subchronic Inhalation Study of Toner in

Rats</title><secondary-title>Inhalation Toxicology</secondary-title></titles><periodical><full-
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title>Inhalation Toxicology</full-title></periodical><pages>341-
360</pages><volume>2</volume><number>4</number><dates><year>1990</year></dates><
urls></urls><electronic-resource-num>https://doi.org/10.3109/08958379009145262</electronic-

resource-num></record></Cite></EndNote>]. The NOAEC from this study was 4 mg/m’.

Bellmann ef a/. (1992) [ ADDIN EN.CITE
<EndNote><Cite><Author>Bellmann</Author><Year>1992</Year><RecNum>4</RecNum><
DisplayText>[40]</DisplayText><record><rec-mumber>4</rec-mumber><foreign-keys><key
app="EN" db-1d="xs0a%0va7aastwexSaevOdvypOtS9sta5dac"
timestamp="1590844601">4</key></foreign-keys><ret-type name="Journal Article">17</ref-
type><contributors><authors><author>Bellmann, B.</author><author>Muhle,
H.</author><author>Creutzenberg, O.</author><author>Mermelstein,
R.</author></authors></contributors><auth-address>Fraunhoter-Institut fur Toxikologie und
Aerosolforschung, Hannover, Germany. </auth-address><titles><title>Irreversible pulmonary
changes induced in rat lung by dust overload</title><secondary-title>Environ Health
Perspect</secondary-title></titles><periodical><full-title>Environ Health Perspect</full-
title></periodical><pages>189-
91</pages><volume>97</volume><edition>1992/07/01</edition><keywords><keyword>Anim
als</keyword><keyword>Bronchoalveolar Lavage
Fluid/*enzymology/*pathology</keyword><keyword>Cell
Count</keyword><keyword>Dust</keyword><keyword>Environmental Exposure/*adverse
effects</keyword><keyword>Female</keyword><keyword>Glucuronidase/metabolism</keywo

rd><keyword>L-Lactate Dehydrogenase/metabolism</keyword><keyword>Lung/*drug
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effects/enzymology</keyword><keyword>Macrophages/*drug
effects/pathology/physiology</keyword><keyword>Phagocytosis/drug
effects</keyword><keyword>Polymers/*adverse
effects</keyword><keyword>Rats</keyword><keyword>Time
Factors</keyword></keywords><dates><year>1992</year><pub-
dates><date>Jul</date></pub-dates></dates><isbn>0091-6765 (Print)&#xD;0091-6765
(Linking)</isbn><accession-num>1396457</accession-num><urls><related-
urls><url>https://www.nebinlm.nih.gov/pubmed/1396457</url></related-
urls></urls><custom2>PMC151953 1</custom2>><electronic-resource-
num>10.1289/ehp.9297189</electronic-resource-num></record></Cite></EndNote>] performed
an additional 13-week study using the same test substance used by Muhle ef al. (1990) [ ADDIN
EN.CITE

<EndNote><Cite><Author>Muhle</Author><Y ear>1990</Year><RecNum>14</RecNum><Di
splayText>[39]</DisplayText><record><rec-number>14</rec-number><foreign-keys><key
app="EN" db-id="xs0a%0va7aastwex5aev0dvypOt59staSdae"
timestamp="1590846288">14</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>Mubhle, H.</author><author>Bellmann,
B.</author><author>Creutzenberg, O.</author><author>Fuhst, R </author><author>Koch,

W .</author><author>Mohr, U.</author><author>Takenaka, S.</author><author>Morrow,

P </author><author>Kilpper, R.</author><author>Mackenzie,
J.</author><author>Mermelstein,
R.</author></authors></contributors><titles><title>Subchronic Inhalation Study of Toner in

Rats</title><secondary-title>Inhalation Toxicology</secondary-title></titles><periodical><full-
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title>Inhalation Toxicology</full-title></periodical><pages>341-
360</pages><volume>2</volume><number>4</number><dates><year>1990</year></dates><
urls></urls><electronic-resource-num>https://doi.org/10.3109/08958379009145262</electronic-
resource-num></record></Cite></EndNote>| and included an extended 15-month post-exposure
meonitoring period. Rats were exposed to aerosel concentrations of toner at 0, 10, or 40 mg/m®
(MMAD = 4 um; GSD = 1.5; density = 1.15 g/cm®) for 6 hours/day, 5 days/week. The study
authors measured retention of the toner in the lungs and lung-associated lymph nodes (LALN) by
photometric determination in dissolved tissues; clearance was monitored using tracer particles,
and pulmonary effects were identified from enzymatic activities and ditferential cell counts in
bronchoalveolar lavage fluid (BALF). The study authors identitied clearance half-lives of 277
and 2,845 days for the low- and high-dose exposure groups, respectively, and reported
pulmonary effects, as evidenced by increases in protein and enzyme markers of tissue damage in
BALF that were partially reversible at 10 mg/m’ and not reversible at 40 mg/m’ [ ADDIN
EN.CITE
<EndNote><Cite><Author>Bellmann</Author><Year>1992</Year><RecNum>4</RecNum><
DisplayText>[40]</DisplayText><record><rec-number>4</rec-number><foreign-keys><key
app="EN" db-id="xs0a%0va7aastwex5aev0dvypOt59staSdae"
timestamp="1590844601">4</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>Bellmann, B.</author><author>Muhle,
H.</author><author>Creutzenberg, O.</author><author>Mermelstein,
R.</author></authors></contributors><auth-address>Fraunhoter-Institut fur Toxikologie und
Aerosolforschung, Hannover, Germany.</auth-address><titles><title>Irreversible pulmonary

changes induced in rat lung by dust overload</title><secondary-title>Environ Health
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Perspect</secondary-title></titles><periodical><full-title>Environ Health Perspect</full-
title></periodical><pages>189-
91</pages><volume>97</volume><edition>1992/07/01</edition><keywords><keyword>Anim
als</keyword><keyword>Bronchoalveolar Lavage
Fluid/*enzymology/*pathology</keyword><keyword>Cell
Count</keyword><keyword>Dust</keyword><keyword>Environmental Exposure/*adverse
effects</keyword><keyword>Female</keyword><keyword>Glucuronidase/metabolism</keywo
rd><keyword>L-Lactate Dehydrogenase/metabolism</keyword><keyword>Lung/*drug
effects/enzymology</keyword><keyword>Macrophages/*drug
effects/pathology/physiology</keyword><keyword>Phagocytosis/drug
effects</keyword><keyword>Polymers/*adverse
effects</keyword><keyword>Rats</keyword><keyword>Time
Factors</keyword></keywords><dates><year>1992</year><pub-
dates><date>Jul</date></pub-dates></dates><isbn>0091-6765 (Print)&#xD;0091-6765
(Linking)</isbn><accession-nun>1396457</accession-num><urls><related-
urls><url>https://www.ncbinlm.nih. gov/pubmed/ 139645 7</url></related-
urls></urls><custom2>PMC151953 1</custom2><electronic-resource-

num>10.1289/ehp.9297189</electronic-resource-num></record></Cite></EndNote>].

Mubhle ef al. (1991) [ ADDIN EN.CITE
<EndNote><Cite><Author>Muhle</Author><Year>1991</Y ear><RecNum>16</RecNum><Di
splayText>[41]</DisplayText><record><rec-number>16</rec-number><foreign-keys><key

app="EN" db-1d="xs0a9%0va7aastwexSaev0dvyp0Ot59staSdae"
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timestamp="1590846537">16</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>Muhle, H.</author><author>Bellmann,
B.</author><author>Creutzenberg, O.</author><author>Dasenbrock,
C.</author><author>Emst, H.</author><author>Kilpper, R.</author><author>Mackenzie, J.
C.</author><author>Morrow, P.</author><author>Mohr, U </author><author>Takenaka,
S.</author><author>Mermelstein, R </author></authors></contributors><auth-address>Xerox
Corp,Joseph C Wilson Ctr Technol,Corp Environm Hlth, Webster Ny 14580&#xD;Univ
Rochester,Rochester, Ny 14642 </auth-address><titles><title>Pulmonary Response to Toner
Upon Chronic Inhalation Exposure in Rats</title><secondary-title>Fandamental and Applied
Toxicology</secondary-title><alt-title>Fund Appl Toxicol</alt-title></titles><periodical><full-
title>Fundamental and Applied Toxicology</tull-title><abbr-1>Fund Appl Toxicol</abbr-
1></periodical><alt-periodical><full-title>Fundamental and Applied Toxicology</full-
title><abbr-1>Fund Appl Toxicol</abbr-1></alt-periodical><pages>280-
299</pages><volume>17</volume><mumber>2</number><keywords><keyword>bronchoalveo
lar lavage fluid<Vkeyword><keyword>diesel
exhaust</keyword><keyword>toxicity</keyword><keyword>clearance</keyword></keywords
><dates><year>1991</year><pub-dates><date>Aug</date></pub-dates></dates><isbn>0272-
0590</isbn><accession-num>WOS: A1991FZ99700006</accession-num><urls><related-
urls><url>&1t;Go to ISI&gt;: //WOS:A1991FZ99700006</url></related-urls></urls><electronic-
resource-num>Poi 10.1016/0272-0590(91)90219-T</electronic-resource-
num><language>English</language></record></Cite></EndNote>] and Bellmann et al. (1991)
[ ADDIN EN.CITE

<EndNote><Cite><Author>Bellmann</Author><Year>1991</Y ear><RecNum>3</RecNum><
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DisplayText>[42]</DisplayText><record><rec-number>3</rec-number><foreign-keys><key
app="EN" db-id="xs0a%0va7aastwex5aev0dvypOt59staSdae"
timestamp="1590844572">3</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>Bellmann, B.</author><author>Muhle,
H.</author><author>Creutzenberg, O.</author><author>Dasenbrock,
C.</author><author>Kilpper, R.</author><author>MacKenzie, J. C.</author><author>Morrow,
P </author><author>Mermelstein, R.</author></authors></contributors><auth-
address>Fraunhofer-Institut fur Toxikologie und Aerosolforschung, Hannover, Germany.</auth-
address><titles><title>Lung clearance and retention of toner, utilizing a tracer technique, during
chronic inhalation exposure in rats</title><secondary-title>Fundam Appl Toxicol</secondary-
title></titles><periodical><full-title>Fundam Appl Toxicol</full-
title></periodical><pages>300-
13</pages><volume>17</volume><number>2</number><edition>1991/08/01</edition><keyw
ords><keyword>Aerosols</keyword><keyword>Animals</keyword><keyword>Body
Burden</keyword><keyword>Dust/adverse
effects</keyword><keyword>Female</keyword><keyword>Half-
Life</keyword><keyword>Lung/*metabolism</keyword><keyword>Lymph
Nodes/metabolism</keyword><keyword>Male</keyword><keyword>Pulmonary
Alveoli/metabolism</keyword><keyword>Rats</keyword><keyword>Rats, Inbred
F344</keyword><keyword>Sex Factors</keyword><keyword>Silicon
Dioxide/*metabolism</keyword><keyword>Titaniurm/*metabolism</keyword></keywords><d
ates><year>1991</year><pub-dates><date>Aug</date></pub-dates></dates><ishn>0272-0590

(Print)&#xD;0272-0590 (Linking)</isbn><accession-num>1662649</accession-
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num><urls><related-urls><url>https://www.ncbi.nlm.nih. gov/pubmed/ 1 66264 9</url></related-
urls></urls><electronic-resource-num>10.1016/0272-0590(91)90220-x</electronic-resource-
num></record></Cite></EndNote>] reported findings from a chronic 24-month exposure study
in rats exposed to toner at aerosol concentrations of 0, 1, 4, or 16 mg/m* (MMAD = 4 um; GSD
= 1.5; density = 1.15 g/cm®) for 6 hours/day, 5 days/week. The study was performed according to
OECD No. 453 Combined Chronic Toxicity/Carcinogenicity Studies and under GLP standards.
The study authors reported dose-related impaired particle clearance, elevated lung particle
burden, and lung eftects (fibrosis, BALF markers of tissue damage, and increased lung weight)

at 4 and 16 mg/m®, with a NOAEC of | mg/m®.

Unpublished subchronic (3 months) and chronic (18 months) hamster studies of the same print
toner tested by Muhle er a/. (1990, 1991) and Bellman ez af. (1991, 1992) [ ADDIN EN.CITE
ADDIN EN.CITE.DATA ] showed effects similar to those in rats [ ADDIN EN.CITE
ADDIN EN.CITE.DATA ]. The unpublished 3-month study was hampered by disease and
mortality unrelated to treatment. In the unpublished 18-month study, the hamsters were exposed
to concentrations of 0, 1.5, 6, or 24 mg/m” for the first 5 months and then concentrations of 0, 4,
16, or 64 mg/m’ for the remaining time. At all exposure concentrations, the hamsters exhibited
macrophage accumulation, interstitial inflammatory cell infiltration, and bronchiolar/alveolar
hyperplasia, along with particle deposits and lymphatic hyperplasia in the LALNs. At the mid-
and high-exposure concentrations, fibrosis and alveolar PMN mfiltration were noted at the end of
exposure and/or after the 5 month post-exposure recovery period; the highest exposure group

also exhibited increased lung weight and effects on BALF parameters (increased cell number,
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macrophage count, LDH, P glucuronidase, total protein, and hydroxyproline). The LOAEC for

this study was in the range of 1.5 to 4 mg/m’.

Mubhle ef al. (1990) [ ADDIN EN.CITE
<EndNote><Cite><Author>Muhle</Author><Year>1990</Year><RecNum>13</RecNum><Di
splayText>[46]</DisplayText><record><rec-number>13</rec-number><foreign-keys><key
app="EN" db-1d="xs0a%0va7aastwexSaevOdvypOtS9sta5dac"
timestamp="1590845894">13</key></toreign-keys><ref-type name="Journal Article">17</ret-
type><contributors><authors><author>Muhle, H.</author><author>Bellmann,
B.</author><author>Creutzenberg, O.</author><author>Heinrich, U.</author><author>Ketkar,
M. </author><author>Mermelstein, R.</author></authors></contributors><titles><title>>Dust
overloading of lungs after exposure of rats to particles of low solubility: Comparative
studies</title><secondary-title>Journal of Aerosol Science</secondary-
title></titles><periodical><full-title>Journal of Aerosol Science</full-
title></periodical><pages>374-
377</pages><volume>21</volume><number>3</number><dates><year>1990</year></dates>
<urls></urls><electronic-resource-num>https://doi.org/10.1016/0021-8502(90)90062-
3</electronic-resource-num></record></Cite></EndNote>] performed an eight-month inhalation
study in rats exposed to an aerosol of PVC powder at 0, 3.3, 8.3, or 20.2 mg/m* (MMAD =13
umy; GSD =2.07; density = 1.3 g/em®) for 5 hours/day, 5 days/week. Retention, clearance, and
pulmonary etfects were evaluated, as reported previously by these same authors. Using
radiolabeled (¥*Sr) polystyrene particles as tracers, these authors showed that pulmonary

clearance was significantly decreased in rats after seven months of exposure (25 hours per week)
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to PVC powder at concentrations > 3.3 mg/m®. Mean alveolar clearance half-times increased
with exposure from 1.2-fold higher than controls to 3.2-fold higher than controls at
concentrations from 3.3 to 20.2 mg/nr’. The study authors calculated half-times for alveolar
clearances of 71, 122, and 184 days at exposure concentrations of 3.3, 8.3, and 20.2 mg/m®,
supporting that lung overload occurred at concentrations > 3.3 mg/m?® for this water-insoluble

polymer.

Animal Data - Cancer

Chronic inhalation exposure data specifically pertaining to HMW polymers are limited to a 24-
month rat study of print toner and an 18-month hamster study of print toner [ ADDIN EN.CITE
<EndNote><Cite><Author>Muhle</Author><Year>1991</Year><RecNum>16</RecNum><Di
splayText>[41]</DisplayText><record><rec-number>16</rec-number><foreign-keys><key
app="EN" db-1d="xs0a%0va7aastwexSaevOdvypOtS9staSdae"
timestamp="1590846537">16</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>Muhle, H.</author><author>Bellmann,
B.</author><author>Creutzenberg, O.</author><author>Dasenbrock,
C.</author><author>Emst, H.</author><author>Kilpper, R.</author><author>Mackenzie, J.
C.</author><author>Morrow, P.</author><author>Mohr, U </author><author>Takenaka,
S.</author><author>Mermelstein, R </author></authors></contributors><auth-address>Xerox
Corp,Joseph C Wilson Ctr Technol,Corp Environm Hlth, Webster Ny 14580&#xD;Univ
Rochester,Rochester, Ny 14642</auth-address><titles><title>Pulmonary Response to Toner
Upon Chronic Inhalation Exposure in Rats</title><secondary-title>Fandamental and Applied

Toxicology</secondary-title><alt-title>Fund Appl Toxicol</alt-title></titles><periodical><full-
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title>Fundamental and Applied Toxicology</full-title><abbr-1>Fund Appl Toxicol</abbi-
1></periodical><alt-periodical><full-title>Fundamental and Applied Toxicology</full-
title><abbr-1>Fund Appl Toxicol</abbr-1></alt-periodical><pages>280-
299</pages><volume>17</volume><mumber>2</number><keywords><keyword>bronchoalveo
lar lavage fluid</keyword><keyword>diesel
exhaust</keyword><keyword>toxicity</keyword><keyword>clearance</keyword></keywords
><dates><year>1991</year><pub-dates><date>Aug</date></pub-dates></dates><ishn>0272-
0590</isbn><accession-num>WOS: A 1991FZ99700006</accession-num><urls><related-
urls><url>&lt;Go to ISI&gt;://WOS:A1991FZ99700006</url></related-urls></urls><electronic-
resource-num>Doi 10.1016/0272-0590(91)90219-T</electronic-resource-
num><language>English</language></record></Cite></EndNote>]. No increased tumor
incidence was observed in either study; however, interstitial and alveolar lung pathology has
been documented in long-term inhalation studies on these polymers. See section on “Animal

Data - Noncancer Effects” above.

Supporting Information
An in vitro study was identified and reviewed that may be relevant for determining the
reactivity/non-reactivity of HMW polymers that do not meet the initial FG and/or FGEW

screening criteria.

Wiemann et al. (2016) [ ADDIN EN.CITE ADDIN EN.CITE.DATA ] developed an in vitro
assay to test nanoparticles for biologically active toxicity from passive (i.e., overload condition)

toxicity. The assay uses rat NR8383 alveolar macrophages incubated with test material in cell

[PAGE ]

ED_005294A_00000408-00072



culture medium, and assesses toxicity vie measurement of LDH, glucuronidase, and tumor
necrosis factor o (TNFa) (after 16 hours exposure), and hydrogen peroxide (after 1.5 hours) in

the cell culture supernatant. The authors tested 18 inorganic nanomaterials using }the assay, as

7[,,—‘{ Commented [JA30]: Need to provide size range

well as corundum as a negative control and quartz D312 as a positive control. Based on data
from short term inhalation studies, each test material was categorized as either active (NOAEC
<10 mg/m? for adverse inflammatory action in a 5-day inhalation study) or passive (i.e., inducing
nonspecific cell overload). The in vitro assay threshold for active toxicity was a surface-
area/volume concentration of 6,000 mm?*/mL (calculated as particle or agglomerate Brunauer
Teller and Emmett [BET] surface area x mass concentration in ug/ml) in at least two of the four
parameters measured in supernatant. The nanomaterials tested showed jgood correspondence

between the i vitro and in vivo parameters (assay accuracy 95%), suggesting that, the assay

could be useful in distinguishing specitic (“active”) toxicity from nonspecitic (“passive” or
overload) effects on alveolar macrophages. Although only nanoparticles were tested by these
authors, this assay may be useful for screening out HMW polymers for inclusion/exclusion in the
category, e.g., those identified as “active” would be inconsistent with the low-concern level and
inclusion in the category, whereas those identified as “passive” appear to be consistent with
inclusion. Additionally, this assay could be useful for screening polymers with specific toxicities
(i.e., excluded trom overload category) prior to in vivo testing of “overload” for passive

polymers.

Quantitative Points of Departure (PODs)

A single epidemiological study of inhaled HMW polymers was identified - the retrospective

stady of Xerox workers [ ADDIN EN.CITE  ADDIN EN.CITE.DATA ]. This study did not
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report exposure concentrations associated with the evaluated health outcomes and is therefore

not useful for determining quantitative PODs for pulmonary etfects of HMW polymers.

A summary of animal studies documenting pulmonary etfects after exposure to HMW polymers
and the PODs identified from them is provided in [ REF _Ref46678612 \h \* MERGEFORMAT

]. The PODs presented in the table include those from studies meeting the following criteria:

e Exposure was in vivo via inhalation (in vitro, intratracheal instillation studies were not
included);
¢ Exposure continued for at least 13 weeks; and

¢ Critical study information was reported, including exposure concentrations, exposure

regimen, and acrodynamic particle size distribution (ﬁMMAD and GSD). | Commented [JA32]: What sbout DENSITY??

Each study was evaluated to determine whether the data were amenable for BMD modeling.

For the polyacrylates and methacrylates subcategory, several subchronic studies are included in [
REF Ref46678612 \h \* MERGEFORMAT ] that met the initial POD selection criteria;

however, BMD modeling was not performed on these studies because chronic studies were

available and [deemed more relevant for the hazard assessment. { Commented [JA33]: ?? BOTH subchronic and chronic are
relevant

Two chronic studies met the POD selection criteria: the published 24-month rat study of 9000
type toner and the unpublished 18-month hamster study of the same toner | ADDIN EN.CITE

ADDIN EN.CITE.DATA ]. BMD modeling was performed for the data in the rat study
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performed by Muhle ef al. (1991) [ ADDIN EN.CITE
<EndNote><Cite><Author>Muhle</Author><Year>1991</Y ear><RecNum>16</RecNum><Di
splayText>[41]</DisplayText><record><rec-number>16</rec-number><foreign-keys><key
app="EN" db-id="xs0a%0va7aastwex5aev0dvyp0t59staSdae"
timestamp="1590846537">16</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>Muhle, H.</author><author>Bellmann,
B.</author><author>Creutzenberg, O.</author><author>Dasenbrock,
C.</author><author>Emst, H.</author><author>Kilpper, R </author><author>Mackenzie, J.
C.</author><author>Morrow, P.</author><author>Mohr, U </author><author>Takenaka,
S.</author><author>Mermelstein, R.</author></authors></contributors><auth-address>Xerox
Corp,Joseph C Wilson Ctr Technol,Corp Environm Hlth, Webster Ny 14580&#xD;Univ
Rochester,Rochester, Ny 14642</auth-address><titles><title>Pulmonary Response to Toner
Upon Chronic Inhalation Exposure in Rats</title><secondary-title>Fundamental and Applied
Toxicology</secondary-title><alt-title>Fund Appl Toxicol</alt-title></titles><periodical><full-
title>Fundamental and Applied Toxicology</tull-title><abbr-1>Fund Appl Toxicol</abbr-
I></periodical><alt-periodical><full-title>Fundamental and Applied Toxicology</full-
title><abbr-1>Fund Appl Toxicol</abbr-1></alt-periodical><pages>280-
299</pages><volume>17</volume><mumber>2</number><keywords><keyword>bronchoalveo
lar lavage fluid<Vkeyword><keyword>diesel
exhaust</keyword><keyword>toxicity</keyword><keyword>clearance<Vkeyword></keywords
><dates><year>1991</year><pub-dates><date>Aug</date></pub-dates></dates><isbn>0272-
0590</isbn><accession-num>WOS: A1991FZ99700006</accession-num><urls><related-

urls><url>&lt;Go to ISI&gt;://WOS:A1991FZ99700006</url></related-urls></urls><electronic-
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resource-num>Doi 10.1016/0272-0590(91)90219-T</electronic-resource-
num><language>Fnglish</language></record></Cite></EndNote>|, as it used a longer
exposure duration, was published in a peer-reviewed journal, and did not change exposure
concentrations during the study, whereas, in the hamster study, exposure concentrations were
modified after the first five months. Among the endpoints affected at the LOAEC in that study
(macrophages, PMN, and lymphocytes in BAL; incidence of pulmonary fibrosis), only the
fibrosis incidence could be modeled, as the BALF parameters were reported without measures of
variability (i.e., standard deviation or standard error). The incidences of lung fibrosis (summed
across severity categories) were subjected to BMD modeling, as described in Section 3
“Benchmark Dose (BMD) Modeling Outputs” of the Supplemental Information file. The BMCL
from the best-fitting model was 2.5 mg/m°®, as shown in [ REF _Refd6678612 \h \*

MERGEFORMAT |.

Only a single study was available for the polyvinyl subcategory; however, BMD modeling on the

alveolar clearance for the tracer was not possible because of the absence of reported measures of

variability (| REF _Ref46678612 \h \* MERGEFORMAT ]).

[PAGE ]

ED_005294A_00000408-00076



Table | SEQ Table \* ARABIC ]. Available PODs for inhalation studies on HMW Polymers.

Strain, Species, Sex,

Exposure

Test material Exposure frequency |Concentrations ?ﬁ?ﬁg %n?;?flg (]:riw/(r:n%) Lung Effects at LOAEC Reference
and duration, Recovery {mg/m%) g = 8
Polyacrylates and Methacrylates Sub-category
9000 Toner SPF F344 rats, male and L : ) [ ADDIN
styrene/butylmet | female (288/group); 24 25 Significantly decreased macrophages and increased EN.CITE
(sty K - ;- 0,1,4,0r16 1 4 ) .. |PMN and lymphocytes in BAL; significantly increased |ADDIN
hacrylate random months (6 hr/d, 5 d/'wk), (fibrosis) |. . . . . . :
; incidence of minimal to mild pulmonary fibrosis EN.CITE.D
copolymer) 2 months recovery ATA ]
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[ ADDIN
EN.CITE
<EndNote>
<Cite><Aut
hor>Institut
e</Author>
<Year>199
1</Year><
RecNum>3
0</RecNum
><DisplayT
ext>[49]</
DisplayText
><record><
rec-
number>30
</rec-
Significantly increased incidences of number><f
9000 Toner Han:AURA Hamster, 0,1.5,6,0r24 deriveq: |Pronchiolar/alveolar hyperplasia (males); accumulation |oreign-
(styrene/butylmet | male and female, (months 1-5); 0, ND 1.5-4 variaglé particle-laden macrophages in lungs; interstitial keys><key
hacrylate random (50/group); 18 months (6 |4, 16, or 64 - exposuTe inflammatory cell infiltration in lungs (males); app="EN"
copolymer) hr/d, 5 d/wk); 3-5 mo. (months 6-18) e pimen lymphatic hyperplasia in LALN (males); and particle  |db-
recovery g deposits in LALN id="x50a90
va7aasfwex
SaevOdvyp0
t59staSdae”
timestamp=
"159084915
2">30</key
></foreign-~
keys><ref-
type
name="Unp
ublished
Work">34<
fref-
type><contr
ibutors><au
thors><auth
or>Fraunho

Syrian Golden Not
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Table | SEQ Table \* ARABIC ]. Available PODs for inhalation studies on HMW Polymers.

Test material

Strain, Species, Sex,
Exposure frequency
and duration, Recovery

Exposure
Concentrations
{(mg/mr’)

NOAEC
(mg/m?)

LOAEC
(mg/m’)

BMCL
(mg/m’)

Lung Effects at LOAEC

Reference

><urls></ur
Is></record
></Cite></
EndNote>]
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Toner A
(styrene/butylmet
hacrylate random
copolymer)

F344/C1BR rat, female,
(58-66/group); 3 months
(6 hr/d, 5 d/wk); upto 6
mo. recovery

0,4, 16, or 64

ND

Not
derived

Significantly increased incidence slight to moderate
accumulation of particle-laden macrophages in lungs

[ ADDIN
EN.CITE
<EndNote>
<Cite><Aut
hor>Institut
e</Author>
<Year>199
1</Year><
RecNum>2
8</RecNum
><DisplayT
ext>[43]</
DisplayText
><record><
rec-
mumber>28
</rec-
number><f
oreign-
keys><key
app="EN"
db-
1d="x50a90
vaTaasfwex
SaevOdvyp0
t59staSdae”
timestamp=
"159084898
5">28</key
></foreign-~
keys><ref-
type
name="Unp
ublished
Work">34<
/ref-
type><contr
ibutors><au
thors><auth
or>Fraunho
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T</title></ti
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Table | SEQ Table \* ARABIC ]. Available PODs for inhalation studies on HMW Polymers.

Test material

Strain, Species, Sex,
Exposure frequency
and duration, Recovery

Exposure
Concentrations
{(mg/mr’)

NOAEC
(mg/m?)

LOAEC
(mg/m’)

BMCL
(mg/m’)

Lung Effects at LOAEC

Reference

></Cite></
EndNote>]

[PAGE ]

ED_005294A_00000408-00083



9000 Toner
(styrene/butylmet
hacrylate random
copolymer)

SPF F344 rat, female
(=18/group); 3 months (6
hr/d, 5 d/wk), 15 months
recovery

0, 10, or 40

ND

10

Not
derived

Significantly decreased alveolar clearance

[ ADDIN
EN.CITE
<EndNote>
<Cite><Aut
hor>Bellma
nn</Author
><Year>19
92</Year><
RecNum>4
</RecNum>
<DisplayTe
xt>[40]</Di
splayText>
<record><r
ec-
number>4</
rec-
number><f
oreign-
keys><key
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1d="x50a90
vaTaasfwex
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t59staSdae”
timestamp=
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1">4</key>
</foreign-
keys><ref-
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name="Jour
nal
Article™17
</ref-
type><contr
ibutors><au
thors><auth
or>Bellman
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Table | SEQ Table \* ARABIC ]. Available PODs for inhalation studies on HMW Polymers.

Strain, Species, Sex, Exposure ,
Test material Exposure frequency |Concentrations (lr??rﬁg %n?;?flg (]:riw/(r:n%) Lung Effects at LOAEC Reference
and duration, Recovery {mg/m%) g = 8
</EndNote>
]
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9000 Toner
(styrene/butylmet
hacrylate random
copolymer)

SPF F344 rat, male and
female (56-
74/sex/group); 3 months
(6 hr/d, 5 d/wk), 3
months recovery

0,1,4,16,0r64

16

Not
derived

Significantly increased relative lung weight in males;
histopathology showed a few particles in alveolar walls
and a slight degree of thickening of the alveolar
structure due to hypertrophy and hyperplasia of Type 11
cells and accumulation of a few interstitial cells;
slightly enlarged LALN; decreased alveolar clearance
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<EndNote>
<Cite><Aut
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<DisplayTe
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Toner B (styrene/
butadiene random
copolymer)

F344 rat, female (50
rats/group for main
study) up to 6 mo.
recovery

0,1,4,16,0r64

16

Not
derived

Significantly increased incidence very slight to slight
focal/multifocal interstitial inflammatory cell
infiltration in lungs
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Table | SEQ Table \* ARABIC ]. Available PODs for inhalation studies on HMW Polymers.

Test material

Strain, Species, Sex,
Exposure frequency
and duration, Recovery

Exposure
Concentrations
{(mg/mr’)

NOAEC
(mg/m?)

LOAEC
(mg/m’)

BMCL
(mg/m’)

Lung Effects at LOAEC

Reference

></Cite></
EndNote>]

Polyvinyls Sub-Category
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Table | SEQ Table \* ARABIC ]. Available PODs for inhalation studies on HMW Polymers.

Test material

Strain, Species, Sex,
Exposure frequency
and duration, Recovery

Exposure
Concentrations
{(mg/mr’)

NOAEC
(mg/m?)

LOAEC
(mg/m’)

BMCL
(mg/m’)

Lung Effects at LOAEC

Reference
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ear></dates
><urls></ur
Is><electro
nic-
resource-
num>https:/
/doi.org/10.
1016/0021-
8502(50)90
062-
3</electroni
c-resource-
num></reco
1d></Cite>
</EndNote>
]
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Study Selection for establishing sub-category points of departure (PODs)

In rats, the key events in the development of lung tumors in rats in response to inhalation of
inorganic PSPs of low toxicity (as outlined by ECETOC 2013 | ADDIN EN.CITE
<EndNote><Cite><Author>ECETOC</Author><Year>2013</Year><RecNum>9</RecNum><
DisplayText>[29]</DisplayText><record><rec-mamber>9</rec-mumber><foreign-keys><key
app="EN" db-1d="xs0a%0va7aastwexSaevOdvypOtS9sta5dac"
timestamp="1590845309">9</key></foreign-keys><ref-type name="Report">27</ref-
type><contributors><authors><author>ECETOC</author></authors></contributors><titles><tit
le>Poorly Soluble Particles / Lung Overload</title></titles><pages>130,
http://www.ecetoc.org/wp-content/uploads/2014/08/ECETOC-TR-122-Poorly-Soluble-Particles-
Lung-Overload.pdf</pages><number>Technical Report No.
122</number><dates><year>2013</year><pub-dates><date>December 2013</date></pub-
dates></dates><pub-location>Brussels, Belgnim</pub-location><publisher>European Centre
for Ecotoxicology and Toxicology of Chemicals</publisher><work-type>Technical
Report</work-type><urls><related-urls><url>http://www.ecetoc.org/wp-
content/uploads/2014/08/ECETOC-TR-122-Poorly-Soluble-Particles-Lung-
Overload.pdf</url></related-urls></urls></record></Cite></EndNote>], Bevan et a/., 2018 |
ADDIN EN.CITE ADDIN EN.CITEDATA ], Driscoll and Borm, 2020 [ ADDIN EN.CITE
<EndNote><Cite><Author>Driscoll</Author><Year>2020</Year><RecNum>40</RecNum><
DisplayText>[52]</DisplayText><record><rec-mumber>40</rec-number><foreign-keys><key
app="EN" db-1d="xs0a%0va7aastwexSaevOdvypOtS9sta5dac"

timestamp="1595775199">40</key></toreign-keys><ref-type name="Journal Article">17</ret-
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type><contributors><authors><author>Driscoll, K. E.</author><author>Borm, P. J.

A </author></authors></contributors><auth-address>Healthcare Innovation Partners, Princeton,
NI, USA.&#xD;Ernest Mario School of Pharmacy, Rutgers University, Piscataway, NJ,
USA.&#xD;Nanoconsult BV, Meerssen, The Netherlands.&#xD;Dusseldorf University,
Dusseldorf, Germany.</auth-address><titles><title>Expert workshop on the hazards and risks of
poorly soluble low toxicity particles</title><secondary-title>Inhal Toxicol</secondary-
title><alt-title>Inhalation toxicology</alt-title></titles><alt-periodical><full-title>Inhalation
Toxicology</full-title></alt-periodical><pages>53-
62</pages><volume>32</volume><number>2</number><edition>2020/03/10<edition><keyw
ords><keyword>*pslt</keyword><keyword>*hazard</keyword><keyword>*inhalation</keyw
ord><keyword>*lung cancer</keyword><keyword>*lung particle
overload</keyword><keyword>*particles</keyword><keyword>*risk</keyword></keywords>
<dates><year>2020</year><pub-dates><date>Feb</date></pub-dates></dates><isbn>0895-
8378</isbn><accession-num>32149535</accession-num><urls></urls><electronic-resource-
num>10.1080/08958378.2020.1735581 </electronic-resource-num><remote-database-
provider>NLM</remote-database-
provider><language>eng</language></record></Cite></EndNote>]) are: (1) impaired
pulmonary clearance, (2) persistent neutrophilic inflammation, (3) increased production of
reactive oxygen species (ROS) and reactive nitrogen species (RNS), and (4) proliferation of cells
initiated by secondary genotoxicity (from ROS, RNS, and/or inflammation) and tumor

formation.
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Though the key events for lung overload from HMW polymers have not been thoroughly
studied, the available data as reviewed herein suggests that HMW polymers may lead to lung
overload in the rat through similar key events. It should be noted that cytotoxicity to
macrophages by a poorly soluble HMW polymer or components present in the polymer may
negatively impact clearance via alveolar macrophages, thereby leading to tumor formation in
humans. However, substances with these properties (i.e., cytotoxicity) would not be included

within the boundaries for the HMW polymers category.

Of the studies listed in [ REF _Ref46678612 \h \* MERGEFORMAT ], PODs of 2.5 mg/m® and
3.3 mg/m® were identified for the polyacrylates/ methacrylates sub-category and the polyvinyls
sub-category, respectively. The 24-month study on the 9000 Toner with a BMCLig of 2.5 mg/m®
for pulmonary fibrosis was selected as a principle study for polyacrylates/methacrylates because
it was the longest duration study on this sub-category of materials and was conducted in the most
susceptible species for lung overload (i.e., the rat). Muhle et al. (1990) [ ADDIN EN.CITE
<EndNote><Cite><Author>Muhle</Author><Year>1990</Y ear><RecNum>13</RecNum><Di
splayText>[46]</DisplayText><record><rec-number>13</rec-number><foreign-keys><key
app="EN" db-id="xs0a%0va7aastwex5aev0dvypOt59staSdae"
timestamp="1590845894">13</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>Muhle, H.</author><author>Bellmann,
B.</author><author>Creutzenberg, O.</author><author>Heinrich, U.</author><author>Ketkar,
M. </author><author>Mermelstein, R.</author></authors></contributors><titles><title>Dust
overloading of lungs after exposure of rats to particles of low solubility: Comparative

studies</title><secondary-title>Journal of Aerosol Science</secondary-
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title></titles><periodical><tull-title>Journal of Aerosol Science</tull-
title></periodical><pages>374-
377</pages><volume>21</volume><number>3</number><dates><year>1990</year></dates>
<urls></urls><electronic-resource-num>https://doi.org/10.1016/0021-8502(90)90062-
3</electronic-resource-num></record></Cite></EndNote>] was selected as a principle study for
identifying a LOAEC of 3.3 mg/m® for the polyvinyls sub-category because it was based on
decreased alveolar clearance, which is the first key event in the proposed adverse outcome
pathway for lung overload from PSPs in the rat | ADDIN EN.CITE  ADDIN EN.CITE.DATA
]- These study PODs represent potential starting points for evaluating new chemical substances
that fit within one of the HMW polymer sub-categories. FPA may determine that either of these
PODs is an acceptable toxicological analogue for chemistries that do not fit within the sub-
categories but are anticipated to have comparable or greater potential for causing lung overload
in the rat than the new chemical substance under evaluation. For example, EPA generally uses
the POD of 3.3 mg/m’® for quantifying the potential risks of HMW polymers, even for
chemistries that would not fall within the polyvinyls sub-category, based on the properties of the
new chemical substance compared to the PVC powder. Notwithstanding this, we recognize that
data on a new chemical substance or an alternative analogue would take precedence over using
one of these analogues as the default POD, if EPA concludes there are no study limitations on

the new chemical substance or alternative analogue that would preclude the use of those data.

Due to the limited data on HMW polymers, available knowledge about inorganic PSPs was used

to make inferences about HMW polymers. Compared to systemic etfects, lung overload

responses to inorganic PSPs show large variations in susceptibility between and among
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mammalian species, with the rat being the only species to develop lung tumors | ADDIN
EN.CITE
<EndNote><Cite><Author>ECETOC</Author><Year>2013</Year><RecNum>9</RecNum><
DisplayText>[29]</DisplayText><record><rec-number>9</rec-number><foreign-keys><key
app="EN" db-id="xs0a90va7aastwex5aevOdvypOtS9staSdae"
timestamp="1590845309">9</key></foreign-keys><ref-type name="Report">27</ref-
type><contributors><authors><author>ECETOC</author></authors></contributors><titles><tit
le>Poorly Soluble Particles / Lung Overload</title></titles><pages>130,
http://www.ecetoc.org/wp-content/uploads/2014/08/ECETOC-TR-122-Poorly-Soluble-Particles-
Lung-Overload.pdf</pages><number>Technical Report No.
122</number><dates><year>2013</year><pub-dates><date>December 2013</date></pub-
dates></dates><pub-location>Brussels, Belgnim</pub-location><publisher>European Centre
for Ecotoxicology and Toxicology of Chemicals</publisher><work-type>Technical
Report</work-type><urls><related-urls><url>http://www.ecetoc.org/wp-
content/uploads/2014/08/ECETOC-TR-122-Poorly-Soluble-Particles-Lung-

Overload. pdf</url></related-urls></urls></record></Cite></EndNote>]. This species-specific
response has been explained by species differences in the accumulation of insoluble and
respirable particles in the lungs, although cytotoxicity is also an issue with some inorganic PSPs
(e.g., crystalline silica). For example, humans are at least six times more resistant to attaining
Iung overload conditions than rats for the following reasons: human alveolar macrophages
(AMs) are larger (i.e., average volume = 4,990 pm?®) than rat AMs (i.e., average volume = 1,166
um?); humans have a greater number of AMs (i.e., average = 7.0 x 10°) than rats (i.e., average =

2.6 x 107); and human AMs patrol a smaller surface area (i.e., average = 22,000 um?/AM) than
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rat AMs (i.e., average = 140,000 um*AM) [ ADDIN EN.CITE  ADDIN EN.CITEDATA |.
Further, the site of retention for poorly soluble particles differs between rats and humans. Nikula
etal. (2001) [ ADDIN EN.CITE
<EndNote><Cite><Author>Nikula</Author><Year>2001</Year><RecNum>62</RecNum><D
isplayText>[ 54 |</DisplayText><record><rec-number>62</rec-number><foreign-keys><key
app="EN" db-1d="xs0a90va7aastwexSaev0dvypOt59staSdae"
timestamp="1595803440">62</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>Nikula, K. J.</author><author>Vallyathan,
V.</author><author>Green, F. H.</author><author>Hahn, F.

F </author></authors></contributors><auth-address>l.ovelace Respiratory Research Institute,
Albuquerque, New Mexico 87185, USA.</auth-address><titles><title>Influence of exposure
concentration or dose on the distribution of particulate material in rat and human
lungs</title><secondary-title>Environ Health Perspect</secondary-title><alt-
title>Environmental health perspectives</alt-title></titles><periodical><full-title>Environ
Health Perspect</full-title></periodical><pages>311-
8</pages><volume>109</volume><number>4</number><edition>2001/05/04</edition><keyw
ords><keyword>Adult</keyword><keyword>Air
Pollutants/*pharmacokinetics</keyword><keyword>Animals</keyword><keyword>Coal</key
word><keyword>Dose-Response Relationship,
Drug</keyword><keyword>Dust</keyword><keyword>Humans</keyword><keyword>*Inhala
tion Exposure</keyword><keyword>Lung/*chemistry</keyword><keyword>Macrophages,
Alveolar</keyword><keyword>Male</keyword><keyword>Middle

Aged</keyword><keyword>*Mining</keyword><keyword>*Occupational
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Exposure</keyword><keyword>Particle
Size<Vkeyword><keyword>Rats</keyword><keyword>Rats, Inbred
F344</keyword><keyword>Vehicle
Emissions/*analysis</keyword></keywords><dates><year>2001</year><pub-
dates><date>Apr</date></pub-dates></dates><isbn>0091-6765 (Print)&#xD;0091-
6765</isbn><accession-num>11335177</accession-
num><urls></urls><custom2>PMC1240269</custom2><electronic-resource-
num>10.1289/ehp.0110931 1</electronic-resource-num><remote-database-
provider>NLM</remote-database-
provider><language>eng</language></record></Cite></EndNote>] showed that “the relative
amounts of intraluminal and interstitial particle load ditfer markedly between rats and humans
with particles being found predominantly in the interstitium in man and intra-luminarly in rats.”
In rats, accumulation of particulate matter in the intraluminal space leads to adverse “alveolar
epithelial hyperplastic, inflammatory, and septal fibrotic responses” | ADDIN EN.CITE
<EndNote><Cite><Author>ECETOC</Author><Year>2013</Year><RecNum>9</RecNum><
DisplayText>[29]</DisplayText><record><rec-number>9</rec-number><foreign-keys><key
app="EN" db-id="xs0a%0va7aastwex5aev0dvypOt59staSdae"
timestamp="1590845309">9</key></foreign-keys><ref-type name="Report">27</ref-
type><contributors><authors><author>ECETOC</author></authors></contributors><titles><tit
le>Poorly Soluble Particles / Lung Overload</title></titles><pages>130,
http://www.ecetoc.org/wp-content/uploads/2014/08/ECETOC-TR-122-Poorly-Soluble-Particles-
Lung-Overload.pdf</pages><number>Technical Report No.

122</mumber><dates><year>2013</year><pub-dates><date>December 2013</date></pub-
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dates></dates><pub-location>Brussels, Belguim</pub-location><publisher>Furopean Centre
for Ecotoxicology and Toxicology of Chemicals</publisher><work-type>Technical
Report</work-type><urls><related-urls><url>http://www.ecetoc.org/wp-
content/uploads/2014/08/ECETOC-TR-122-Poorly-Soluble-Particles-Lung-

Overload.pdf</url></related-urls></urls></record></Cite></EndNote>].

As noted previously, EPA generally uses the polyvinyls sub-category analogue (i.e., PVC
powder) POD of 3.3 mg/m? for evaluating new chemical substances that may present a lung
overload hazard when the chemical properties are comparable between the new chemical
substance and the PVC powder. The polyvinyls sub-category POD is then subject to established
EPA dosimetry adjustment. Hach of these approaches is discussed below. These dosimetric
adjustments may also be applied to the polyacrylates/methacrylates sub-category analogue (9000
Toner), as well as to data on new chemical substances or other potential analogues that fit within

the chemical boundaries for this category.

As shown in [ REF _Ref519678474 \h \¥* MERGEFORMAT |, the RDDRs for the PVC powder
ranged from 0.501 in the pulmonary region (PU) up to 2.248 in the tracheobronchial (TB) region.

Since the effects occurred in the PU region, the [PL RDDR was used for deriving a PODugc, as

/,,,/[ Commented [JA35): DEFINEwhat SA values used to compute }

follows:

PODurc = POD x RDDRpy

or

PODurc = 3.3 mg/m® x 0.5 = 1.65 mg/m>
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Table [ SEQ Table \* ARABIC |. i])epusition}ni fractions and RDDRs for rats and humans.” e { Commented [JA36]: Correct term is DEPOSITION }

Extrathoracic (ET) Tracheobronchial (IB) Pulmonary (PU) Thoracic (IB + PU) Total Resi’l‘{;;“”’ Tract
{
SPECIES Surface Area - Surface Area - Surface-Aren - o ———— SurfacoArea m— - Formatted: Font: Bold )
Depositionat Depositionat Depositionat Deposition Depositionat
(em?) Fraction (em?) Fraction @) Fraction ) 23 Fraction ) Fraction
Rat 15 033 225 0.068 034 0.061 0342 0.129 0.344 0.459 7,_,,,.4{ Formatted: Font: Bold }
Human 200 0.24 3200 0.059 54 0.267 54.32 0.125 5434 0.566 /#,,,,,{ Formatted: Font: Bold }
RDD 0075 1373 0007 1.15 0.006 0.229 0.006 1,028 0.006 0.811 -~ Formatted: Font: Bold )
RDDR 0.252 2.248 bso1 0.863 1.763 3 ,,,{ Formatted: Font: Bold }
* Input ted-values included: MMAD = 130, GSD = 2.07. i Formatted: Font: Bold }
Value in bold is DR chosen for caleulation of the HEC. T
Valus in bold is the RTDR choson for caleulation of the HE( Commented [JA37]: WHAT DENSITY? PRESUMABLY THE SAME
i ASLISED IN MPPD.
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In comparison, the MPPD model was used to conduct simulations to predict retained mass ..~ Commented [ST38]: Section new based on parts of the write
§ upthat Owen and Annie developed. The remaining sectionsof the
write Up areinthe Supporting File; i

burden in the PU region of female 344 rats exposed in the Muhle e a/. (1990) | ADDIN

“{ Commented [JA39]: sl question why MPPD not used for
BOTH deposition and retained dose metrics:

EN.CITE

<EndNote><Cite><Author>Muhle</Author><Year>1990</Y ear><RecNum>13</RecNum><Di
splayText>[46]</DisplayText><record><rec-number>13</rec-number><foreign-keys><key
app="EN" db-1d="xs0a9%0va7aastwexSaev0dvyp0Ot59staSdae"
timestamp="1590845894">13</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>Muhle, H.</author><author>Bellmann,
B.</author><author>Creutzenberg, O.</author><author>Heinrich, U.</author><author>Ketkar,
M.</author><author>Mermelstein, R.</author></authors></contributors><titles><title>Dust
overloading of lungs after exposure of rats to particles of low solubility: Comparative
studies</title><secondary-title>Journal of Aerosol Science</secondary-
title></titles><periodical><full-title>Journal of Aerosol Science</full-
title></periodical><pages>374-

377</pages><volume>2 1</volume><number>3</number><dates><year>1990</year></dates>
<urls></urls><electronic-resource-num>https://doi.org/10.1016/0021-8502(90)90062-
3</electronic-resource-num></record></Cite></EndNote>] study. The geometry model in the
MPPD software for the Sprague-Dawley rat was used, but with the Agency default body weight
(BW) ot 229 grams for female F-344 rats in a chronic study [ ADDIN EN.CITE
<EndNote><Cite><Author>EP A</Author><Year>1994</Y ear><RecNum>47</RecNum><Dis
playText>[15]</DisplayText><record><rec-number>47</rec-number><foreign-keys><key
app="EN" db-1d="xs0a%0va7aastwexSaevOdvypOtS9sta5dac"

timestamp="1595788909">47</key></toreign-keys><ref-type name="Journal Article">17</ret-
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type><contributors><authors><author>EP A</author></authors></contributors><titles><title>
Methods for Derivation of Inhalation Reference Concentrations and Application of Inhalation
Dosimetry</title><secondary-title>Office of Research and Development, U.S. Environmental
Protection Agency, Research Triangle Park, North Carolina</secondary-
title></titles><periodical><full-title>Office of Research and Development, U.S. Environmental
Protection Agency, Research Triangle Park, North Carolina</full-
title></periodical><pages>389, https://www epa.gov/sites/production/files/2014-
11/documents/rfc_methodology.pdf</pages><volume>EP/600/9-
90/066F</volume><dates><year>1994</year></dates><urls></urls></record></Cite></EndNot
e>]. The MPPD software internally scales ventilation parameters and respiratory volumes based
on BW, so this resulted in tidal volume (V1) of 1.54, a breathing frequency of 166 bpm,
functional residual capacity (FRC) of 3.01 ml., and an upper respiratory tract (URT) volume of
0.34 mL. The 229 g rat PU surface area is predicted to be 1997 cm?. The particle MMAD, GSD
of the particle size distribution, and its density were: 1.3 pum, 2.07, and 1.3 g/cm®, respectively.
The regimen and duration of the nose-only exposure in the Muhle ez a/. (1990) [ ADDIN
EN.CITE

<EndNote><Cite><Author>Muhle</Author><Year>1990</Y ear><RecNum>13</RecNum><Di
splayText>[46]</DisplayText><record><rec-number>13</rec-number><foreign-keys><key
app="EN" db-1d="xs0a9%0va7aastwexSaev0dvyp0Ot59staSdae"
timestamp="1590845894">13</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>Muhle, H.</author><author>Bellmann,
B.</author><author>Creutzenberg, O.</author><author>Heinrich, U.</author><author>Ketkar,

M. </author><author>Mermelstein, R.</author></authors></contributors><titles><title>Dust
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overloading of lungs after exposure of rats to particles of low solubility: Comparative
studies</title><secondary-title>Journal of Aerosol Science</secondary-
title></titles><periodical><tull-title>Journal of Aerosol Science</tull-
title></periodical><pages>374-
377</pages><volume>21</volume><number>3</number><dates><year>1990</year></dates>
<urls></urls><electronic-resource-num>https://doi.org/10.1016/0021-8502(90)90062-
3</electronic-resource-num></record></Cite></EndNote>] study was 5 d and 5 d/w tor 8
months and was used in the simulation. We note that there were discrepancies in the reported
duration of exposure of 7 months versus 8 months in Muhle ef a/. (1990) [ ADDIN EN.CITE
<EndNote><Cite><Author>Muhle</Author><Year>1990</Year><RecNum>13</RecNum><Di
splayText>[46]</DisplayText><record><rec-number>13</rec-number><foreign-keys><key
app="EN" db-id="xs0a9%0va7aastwexSaev0dvypOtS9staSdae"
timestamp="1590845894">13</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>Muhle, H </author><author>Bellmann,
B.</author><author>Creutzenberg, O.</author><author>Heinrich, U.</author><author>Ketkar,
M.</author><author>Mermelstein, R.</author></authors></contributors><titles><title>Dust
overloading of lungs after exposure of rats to particles of low solubility: Comparative
studies</title><secondary-title>Journal of Aerosol Science</secondary-
title></titles><periodical><full-title>>Journal of Aerosol Science</full-
title></periodical><pages>374-

377</pages><volume>2 1 </volume><number>3</number><dates><year>1990</year></dates>
<urls></urls><electronic-resource-num>https://doi.org/10.1016/0021-8502(90)90062-

3</electronic-resource-num></record></Cite></EndNote>]. However, the Bellmann ef al.
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(1986) [ ADDIN EN.CITE
<EndNote><Cite><Author>Bellmann</Author><Year>1986</Year><RecNum>77</RecNum>
<DisplayText>[55]</DisplayText><record><rec-number>77</rec-number><foreign-keys><key
app="EN" db-id="xs0a%0va7aastwex5aev0dvypOt59staSdae"
timestamp="1595887108">77<key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>Bellmann, B.</author><author>Muhle,
H.</author><author>Creutzenberg, O.</author></authors></contributors><titles><title>The
Effect of a &quot;Nuisance&quot; Dust Inhalation of Lung Clearance</title><secondary-
title>Aerosols, Formation and Reactivity, Proceedings of the Second International Aerosol
Conference</secondary-title></titles><periodical><full-title>Aerosols, Formation and
Reactivity, Proceedings of the Second International Aerosol Conference</full-
title></periodical><pages>209-
211</pages><dates><year>1986</year></dates><urls></urls></record></Cite></EndNote>]
abstract consistently reported an 8-month exposure duration; therefore, a duration of 8-months

was used.

Using the above experimental conditions, the predicted retained mass in the PU region of F344
rats, shown in | REF _Ref46766078 th \* MERGEFORMAT |, demonstrated the fit of the
MPPD model to the experimental data reported by Muhle ef al. (1990) [ ADDIN EN.CITE
<EndNote><Cite><Author>Muhle</Author><Year>1990</Year><RecNum>13</RecNum><Di
splayText>[46]</DisplayText><record><rec-number>13</rec-number><foreign-keys><key
app="EN" db-1d="xs0a%0va7aastwexSaevOdvypOtS9sta5dac"

timestamp="1590845894">13</key></toreign-keys><ref-type name="Journal Article">17</ret-
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type><contributors><authors><author>Muhle, H.</author><author>Bellmann,
B.</author><author>Creutzenberg, O.</author><author>Heinrich, U.</author><author>Ketkar,
M.</author><author>Mermelstein, R.</author></authors></contributors><titles><title>Dust
overloading of lungs after exposure of rats to particles of low solubility: Comparative
studies</title><secondary-title>Journal of Aerosol Science</secondary-
title></titles><periodical><full-title>>Journal of Aerosol Science</full-
title></periodical><pages>374-

377</pages><volume>2 1 </volume><number>3</number><dates><year>1990</year></dates>
<urls></urls><electronic-resource-num>https://doi.org/10.1016/0021-8502(90)90062-
3</electronic-resource-num></record></Cite></EndNote>]. Additional simulations were
conducted using the same three exposure concentration as Muhle ef a/. (1990) [ ADDIN
EN.CITE
<EndNote><Cite><Author>Muhle</Author><Year>1990</Year><RecNum>13</RecNum><Di
splayText>[46]</DisplayText><record><rec-number>13</rec-number><foreign-keys><key
app="EN" db-id="xs0a%0va7aastwex5aev0dvypOt59staSdae"
timestamp="1590845894">13</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>Muhle, H.</author><author>Bellmann,
B.</author><author>Creutzenberg, O.</author><author>Heinrich, U.</author><author>Ketkar,
M.</author><author>Mermelstein, R.</author></authors></contributors><titles><title>Dust
overloading of lungs after exposure of rats to particles of low solubility: Comparative
studies</title><secondary-title>Journal of Aerosol Science</secondary-
title></titles>><periodical><full-title>Journal of Aerosol Science</full-

title></periodical><pages>374-
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377</pages><volume>21</volume><number>3</number><dates><year>1990</year></dates>
<urls></urls><electronic-resource-num>https://doi.org/10.1016/0021-8502(90)90062-
3</electronic-resource-mum></record></Cite></EndNote>|, but the key input parameters for
MMAD, GSD, and density were varied and bounded. Details on the additional simulations are
provided under “Section 4 MPPD Modeling Outputs” of the Supporting [nformation file. These

additional simulaiions reinforce that prediction of overload Kinetics 18 speciiic to the particle

physicochemical properties (size, distribution, densitv) and expernimental regimen. Such

stimulation demonsirations can be useiul to defining whether a given pariicle and exposure

conditions achieve overload.

L

{Figure | SEQ Figure \* ARABIC |. MPPD predictions for retained PU mass in F344 rats under .| Commented [JA40]: REpLACE FisURE

the exposure conditions for the Muhle et al. (1990) [ ADDIN EN.CITE
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<EndNote><Cite><Author>Muhle</Author><Year>1990</Y ear><RecNum>13</RecNum><Di
splayText>[46]</DisplayText><record><rec-number>13</rec-number><foreign-keys><key
app="EN" db-id="xs0a90va7aastwex5aevOdvypOtS9staSdae"
timestamp="1590845894">13</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>Muhle, H.</author><author>Bellmann,
B.</author><author>Creutzenberg, O.</author><author>Heinrich, U.</author><author>Ketkar,
M.</author><author>Mermelstein, R.</author></authors></contributors><titles><title>Dust
overloading of lungs after exposure of rats to particles of low solubility: Comparative
studies</title><secondary-title>Journal of Aerosol Science</secondary-
title></titles><periodical><full-title>Journal of Aerosol Science</full-
title></periodical><pages>374-
377</pages><volume>21</volume><number>3</number><dates><year>1990</year></dates>
<urls></urls><electronic-resource-num>https://doi.org/10.1016/0021-8502(90)90062-
3</electronic-resource-num></record></Cite></EndNote>] study. Simulations were performed
to characterize the 8-month study with a particle MMAD size of 1.3 um, a GSD of 2.07, and a
density of 1.3 g/cm® for three concentrations (3.3, 8.3, and 20.2 mg/m’). Experimental data for
PU burdens are shown as solid circles with standard deviation and the predictions as solid lines

for different concentrations.

For extrapolation of the predicted rat retained PU mass to an HEC, human simulations were
conducted for adult males with a V1 0 0.992 L and a breathing frequency of 21 bpm, or with
1.364 L and 33 bpm. These ventilatory values are from the ICRP (1994) [ ADDIN EN.CITE

<EndNote><Cite><Author>ICRP</Author><Year>1994</Y ear><RecNum>26</RecNum><Dis
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playText>[20]</DisplayText><record><rec-number>26</rec-number><foreign-keys><key
app="EN" db-id="xs0a%0va7aastwex5aev0dvypOt59staSdae"
timestamp="1590848620">26</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>ICRP</author></authors></contributors><titles><title>
Human respiratory tract model for radiological protection. A report of a Task Group of the
International Commission on Radiological Protection</title><secondary-title>Ann
ICRP</secondary-title><alt-title>Annals of the ICRP</alt-title></titles><periodical><full-
title>Ann ICRP</full-title><abbr-1>Annals of the ICRP</abbr-1></periodical><alt-
periodical><full-title>Ann ICRP</full-title><abbr-1>Annals of the ICRP</abbr-1>></alt-
periodical><pages>1-482</pages><volume>24</volume><number>1-
3</number><edition>1994/01/01</edition><keywords><keyword>Humans</keyword><keywo
rd>International Cooperation</keyword><keyword>*Models,
Theoretical</keyword><keyword>Neoplasms, Radiation-
Induced/*etiology/pathology/physiopathology</keyword><keyword>Radiation
Dosage</keyword><keyword>*Radiation Monitoring</keyword><keyword>*Radiation
Protection</keyword><keyword>Radioactive Pollutants</keyword><keyword>Respiratory
System/pathology/physiopathology/*radiation effects</keyword><keyword>Respiratory Tract
Neoplasms/*etiology/pathology/physiopathology</keyword></keywords><dates><year>1994</
year></dates><isbn>0146-6453 (Print)&#xD;0146-6453</isbn><accession-
num>7726471</accession-num><urls><related-
urls><url>https:/journals.sagepub.com/doi/pdt/10.1177/ANIB_24 1-3</url></related-
urls></urls><remote-database-provider>NLM</remote-database-

provider><language>eng</language></record></Cite></EndNote>] and represent ventilation
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associated with activity levels of either light exercise or heavy exercise for adult males. It should
be noted that this combination of V and bpm for the light exercise ventilation input parameters
are equivalent to the default minute ventilation value (Vi) found in [ REF Ret46666189 \h \*
MERGEFORMAT ] of 1.25 m’/hr. An occupational exposure duration of 40 years was simulated

for the human predictions of retained mass in the PU region.

The dose metric used to operationally derive the HEC is the PU retained mass (mg) normalized
to the PU surface area (SA) in cm? according to the established US EPA methods [ ADDIN
EN.CITE

<EndNote><Cite><Author>EP A</Author><Year>1994</Year><RecNum>47</RecNum><Dis
playText>[15]</DisplayText><record><rec-number>47</rec-number><foreign-keys><key
app="EN" db-id="xs0a9%0va7aastwexSaev0dvypOtS9staSdae"
timestamp="1595788909">47</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>EPA</author></authors></contributors><titles><title>
Methods for Derivation of Inhalation Reference Concentrations and Application of Inhalation
Dosimetry</title><secondary-title>Office of Research and Development, U.S. Environmental
Protection Agency, Research Triangle Park, North Carolina</secondary-
title></titles><periodical><full-title>Office of Research and Development, U.S. Environmental
Protection Agency, Research Triangle Park, North Carolina</full-
title></periodical><pages>389, https://www.epa.gov/sites/production/files/2014-
11/documents/rfc_methodology.pdf</pages><volume>EP/600/9-
90/066F</volume><dates><year>1994</year></dates><urls></urls></record></Cite></EndNot

e>]. The MPPD model estimates a human pulmonary surface area of 66.3 m? for an 80 kg adult
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male. As shown in [ REF _Ref46767442 \h \* MERGEFORMAT ], simulations were performed
iteratively to arrive at an HEC that achieved the same internal dose metric (PU mass / PU SA) in
humans as was achieved in rats under the experimental conditions reported by Muhle ef a/.
(1990) [ ADDIN EN.CITE
<EndNote><Cite><Author>Muhle</Author><Year>1990</Year><RecNum>13</RecNum><Di
splayText>[46]</DisplayText><record><rec-number>13</rec-number><foreign-keys><key
app="EN" db-1d="xs0a%0va7aastwexSaevOdvypOtS9sta5dac"
timestamp="1590845894">13</key></toreign-keys><ref-type name="Journal Article">17</ret-
type><contributors><authors><author>Muhle, H.</author><author>Bellmann,
B.</author><author>Creutzenberg, O.</author><author>Heinrich, U.</author><author>Ketkar,
M. </author><author>Mermelstein, R.</author></authors></contributors><titles><title>Dust
overloading of lungs after exposure of rats to particles of low solubility: Comparative
studies</title><secondary-title>Journal of Aerosol Science</secondary-
title></titles><periodical><full-title>Journal of Aerosol Science</full-
title></periodical><pages>374-
377</pages><volume>21</volume><number>3</number><dates><year>1990</year></dates>
<urls></urls><electronic-resource-num>https://doi.org/10.1016/0021-8502(90)90062-
3</electronic-resource-num></record></Cite></EndNote>]. As was shown in | REF
_Ret46766078 \h \* MERGEFORMAT ], the predicted retained mass in the PU region
corresponds well with the observed experimental data. The last two rows of | REE

. Reld6767442 \h ¥ MERGEFORMAT | demonstrate the difference in HEC value due to

variation in ventilatory parameters associated with either light or heavy activity.
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Table [ SEQ Table \* ARABIC ]. MPPD predictions and HEC calculations for Muhle et a/. (1990) study of

F344 rats exposed to PVC with a particle MMAD of 1.3 pm, GSD of 2.07 and density of 1.3 gm / em?.

Exposure Concentration (mg/m°) 3.3 8.3 2.2
Experimental Rat Retained PU Mass (mg) 0.56+0.16 2.09+0.29 7.24+1.10
Predicted Rat Retained PU Mass (mg) 0.63 2.21 6.88
Predicted Rat Retained PU Mass / PU SA (mg/m?) 2.8 10.5 363
Light Activity 40-Year HEC (mg/m®) 0.33 1.23 4.25
Heavy Activity 40-Year HEC (mg/m?) 0.14 0.53 1.84

HEC = human equivalent concentration that results in the same inhaled dose metric (retained PU mass / PU
SA) as predicted for the rat. The human ventilatory parameters of the light and heavy activity levels for

simulation of 40-year occupational scenario are described in the text.

Category benchmark margin of exposure (MOE)

EPA currently applies a composite UF of 1,000 as the benchmark MOE for the PVC powder | Commented [JA41]: This is confusing. Wasn't the 3.3 mg/m3
’ Justderived herein? And why wouldn’t this be the HEC??

POD of 3.3 mg/m®. The composite UF consists of default values of 10 for UFy, UFa, and UFL.
This detfault approach was initially established as a conservative means of evaluating new
chemistries on HMW polymers, which were anticipated to present a hazard concern for lung
overload. However, several refinements to these values may be made, including reducing the TK
and TD components of the UF 4 value and reducing the UF;. Dosimetric adjustments using the
RDDR model or the MPPD model, as discussed above, may be applied to calculate a PODxrc,
thereby reducing the TK component of the UF4 to 1. Since lung overload is a chronic effect that
is manifested primarily based on the retained dose in the P1/ region, the RDDR model is not
necessarily the most appropriate for deriving a PODugc, given that deposition is a more relevant
metric for short-term effects/exposures. However, the RDDR model was used to provide

comparative estimates of the MOE to the other approaches versus the respective benchmark
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MOE, given that the RDDR modelepproach is recommended in EPA guidance as the detault for
quantitying PODuygcs for particles. For the TD component, a reduced value of 1 may be applied
based on the proposal from the IT.SI Workshop Consensus Report on rat lung response to particle
overload, which stated: “For both neoplastic and fibrogenic endpoints in the rat, associated with
PSP exposures, the work group proposed that the TD component of the interspecies UF be
reduced from a factor of 3 to 1, given that chronic active inflammation in the rat appears to be a
more sensitive response than in other species, including humans” [ ADDIN EN.CITE ~ ADDIN
EN.CITE.DATA ] The UFL may be reduced from 10 to 1 for the PVC powder analogue POD
because this dose represented the point at which fetardation of alveolar clearance started, based

on the retained mass of about 0.5 mg/hmg! This approach is consistent with EPA (2002) [

‘,{ Commented [JA42]: | don't follow this??

ADDIN EN.CITE

<EndNote><Cite><Author>EP A</Author><Year>2002</Year><RecNum>46</RecNum><Dis
playText>[14]</DisplayText><record><rec-number>46</rec-number><foreign-keys><key
app="EN" db-id="xs0a9%0va7aastwexSaev0dvypOtS9staSdae"
timestamp="1595788591">46</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>EPA</author></authors></contributors><titles><title>A
Review of the Reference Dose and Retference Concentration Processes</title><secondary-
title>Risk Assessment Forum, U.S. Environmental Protection Agency, Washington, DC
20460</secondary-title></titles><periodical><full-title>Risk Assessment Forum, U.S.
Environmental Protection Agency, Washington, DC 20460</full-title></periodical><pages>192,
https://www.epa.gov/sites/production/files/2014-12/documents/rfd-

final .pdf</pages><volume>EPA/630/P-

02/002F</volume><dates><year>2002</year></dates><urls></urls></record></Cite></EndNot
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e>], which states that the UFL “may be altered, depending on the magnitude and nature of the
response at the LOAEL”. Further, the default application of this UF is for apical endpoints,
rather than initial key events in an adverse outcome pathway. Based on the foregoing
considerations, the following values are proposed for deriving the benchmark MOE for HMW
polymers, which are generally applicable regardless of whether the POD is derived from an

analogue or a new chemical substance.

UFg = 10: The default value of 10 should be applied, unless there are human data showing which
age groups or time periods are the most sensitive to lung overload. This approach is consistent
with EPA’s guidance for reducing the default UFy [ ADDIN EN.CITE
<EndNote><Cite><Author>EP A</Author><Year>2002</Year><RecNum>46</RecNum><Dis
playText>[14]</DisplayText><record><rec-number>46</rec-number><foreign-keys><key
app="EN" db-1d="xs0a%0va7aastwexSaevOdvypOtS9staSdae"
timestamp="1595788591">46</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>EPA</author></authors></contributors><titles><title>A
Review of the Reference Dose and Reference Concentration Processes</title><secondary-
title>Risk Assessment Forum, U.S. Environmental Protection Agency, Washington, DC
20460</secondary-title></titles><periodical><full-title>Risk Assessment Forum, U.S.
Environmental Protection Agency, Washington, DC 20460</full-title></periodical><pages>192,
https://www.epa.gov/sites/production/files/2014-12/documents/rfd-

final pdf</pages><volume>EPA/630/P-
02/002F</volume><dates><year>2002</year></dates><urls></urls></record></Cite></EndNot

ce>].
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UFa =3 or 1: A reduced value of 1 should be applied for the TD component based on
consideration the-propesab-documented by Olin (2000). In addition, if the data are amenable for
deriving a PODugc, the dosimetric adjustment for the TK component further supports reducing
this UF [ ADDIN EN.CITE

<EndNote><Cite><Author>EP A</Author><Year>2002</Year><RecNum>46</RecNum><Dis
playText>[14, 15]</DisplayText><record><rec-number>46</rec-number><foreign-keys><key
app="EN" db-1d="xs0a9%0va7aastwexSaev0dvyp0Ot59staSdae"
timestamp="1595788591">46</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>EPA</author></authors></contributors><titles><title>A
Review of the Reference Dose and Reference Concentration Processes</title><secondary-
title>Risk Assessment Forum, U.S. Environmental Protection Agency, Washington, DC
20460</secondary-title></titles><periodical><full-title>Risk Assessment Forum, U.S.
Environmental Protection Agency, Washington, DC 20460</full-title></periodical><pages>192,
https://www.epa.gov/sites/production/files/2014-12/documents/rfd-

final pdf</pages><volume>EPA/630/P-
02/002F</volume><dates><year>2002</year></dates><urls></urls></record></Cite><Cite><
Author>EPA </Author><Year>1994</Y ear><RecNum>47</RecNum><record><rec-
number>47</rec-number><foreign-keys><key app="EN" db-
1d="xs0a%0vaTaastwexSaevldvyp0t59staSdae” timestamp="1595788909">47</key></foreign-
keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>EPA</author></authors></contributors><titles><title>

Methods for Derivation of Inhalation Reference Concentrations and Application of Inhalation
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Dosimetry</title><secondary-title>Office of Research and Development, U.S. Environmental
Protection Agency, Research Triangle Park, North Carolina</secondary-
title></titles><periodical><full-title>Office of Research and Development, U.S. Environmental
Protection Agency, Research Triangle Park, North Carolina</full-
title></periodical><pages>389, https://www.epa.gov/sites/production/files/2014-
11/documents/rfc_methodology.pdf</pages><volume>EP/600/9-
90/066F</volume><dates><year>1994</year></dates><urls></urls></record></Cite></EndNot

ce>].

UFL =10 or 1: A value of 1 should be applied when the POD is based on a study NOAEC or
when BMD modeling is applied to derive a BMCL, per EPA guidance [ ADDIN EN.CITE
<EndNote><Cite><Author>EP A</Author><Year>2012</Year><RecNum>49</RecNum><Dis
playText>[22]</DisplayText><record><rec-number>49</rec-number><foreign-keys><key
app="EN" db-id="xs0a9%0va7aastwexSaev0dvypOtS9staSdae"
timestamp="1595789576">49</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>EP A</author></authors></contributors><titles><title>B
enchmark Dose Technical Guidance</title><secondary-title>Risk Assessment Forum, U.S.
Environmental Protection Agency, Washington, DC 20460</secondary-
title></titles><periodical><full-title>Risk Assessment Forum, U.S. Environmental Protection
Agency, Washington, DC 20460</full-title></periodical><pages>99,
https://www.epa.gov/sites/production/files/2015-
01/documents/benchmark _dose guidance.pdf</pages><volume>EPA/100/R-

12/001 </volume><dates><year>2012</year></dates><urls></urls></record></Cite></EndNote
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>]. The default value of 10 should be applied when the POD is based on a study LOAEC,
however, a reduced value may be used, when for example, the LOAEC is based on key event 1
from the proposed adverse outcome pathway for PSPs. Reductions in the UF1, based on other key
events should be made on a case-by-case basis and supported by discussion of the key event

within the context of an established AOP.

The default and dosimetrically adjusted PODs and benchmark MOEs derived on new chemical
substance risk assessments are used to inform risk management options for addressing potential
risks. For example, the default POD of 3.3 mg/m® and benchmark MOE of 1,000 result in an
MOE of 2.0E-01 that would require engineering controls and/or a respirator with an applied
protection factor (APF) of 1,000. In comparison, when dosimetric adjustments are applied using
the MPPD modeling outputs, the POD#eC-tight activity 0f 0.33 mg/m® and refined benchmark MOE
of 10 result in an MOE 1.7, which indicates that engineering controls and/or a respirator with an

APF of 10 would be required.

Uncertainties and Limitations

The available toxicological studies for HMW polymers lack data on materials with molecular
weights < 70,000 Daltons | ADDIN EN.CITE

<EndNote><Cite><Author>EP A</Author><Year>2020</Year><RecNum>63</RecNum><Dis
playText>[57]</DisplayText><record><rec-number>63</rec-number><foreign-keys><key
app="EN" db-1d="xs0a9%0va7aastwexSaev0dvyp0Ot59staSdae"
timestamp="1595803909">63</key></foreign-keys><ref-type name="Journal Article">17</ref-

type><contributors><authors><author>EP A</author></authors></contributors><titles><title>H
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igh Molecular Weight Polymers in the New Chemicals Program</title><secondary-title>Office
of Pollution Prevention and Toxics, U.S. Environmental Protection Agency, 1200 Pennsylvania
Ave., NW, Washington, DC 20460</secondary-title></titles><periodical><full-title>Office of
Pollution Prevention and Toxics, U.S. Environmental Protection Agency, 1200 Pennsylvania
Ave., NW, Washington, DC 20460</full-
title></periodical><pages>https://www.epa.gov/reviewing-new-chemicals-under-toxic-
substances-control-act-tsca/high-molecular-weight-polymers-
new</pages><dates><year>2020</year></dates><urls></urls></record></Cite></EndNote>].
In addition, the following uncertainties and study limitations were noted, that if known, may

serve to refine the boundaries for this category:

e Physicochemical properties can influence deposition of inhaled particles (e.g., particle

e __— Commented [JA43]: These are nat PC properties - solubility,
— surface chemistry and composition are. Reworded for accuracy:

{e-=-solubility, surface chemistry, and composition determine biopersistence and

bioreactivity 3and Thefﬁlb‘f impact clearance and retention. However, the available studies 1 Commented [JA44]: These are nat PC propérties - solubility,
> -
surface chemistry and composition are; ‘Reworded for accuracy:

of test materials in this category are generally missing information on these properties,
with the exception of particle size.

¢ Information on molecular weight was not reported for test materials used in the studies of
the PVC powder [ ADDIN EN.CITE
<EndNote><Cite><Author>Muhle</Author><Year>1990</Year><RecNum>13</RecN
um><DisplayText>[46]</DisplayText><record><rec-number>13</rec-
number><foreign-keys><key app="EN" db-

1d="xs0a90va7aastwex5aev0dvypOt59staSdae"
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timestamp="1590845894">13</key></foreign-keys><ref-type name="Journal
Article">17</ref-type><contributors><authors><author>Muhle,
H.</author><author>Bellmann, B.</author><author>Creutzenberg,
O.</author><author>Heinrich, U </author><author>Ketkar,

M. </author><author>Mermelstein,
R.</author></authors></contributors><titles><title>Dust overloading of lungs after
exposure of rats to particles of low solubility: Comparative studies</title><secondary-
title>Journal of Aerosol Science</secondary-title></titles><periodical><tull-
title>Journal of Aerosol Science</full-title></periodical><pages>374-
377</pages><volume>2 1 </volume><number>3</number><dates><year>1990</year></
dates><urls></urls><electronic-resource-num>https://dot.org/10.1016/002 1 -
8502(90)90062-3</electronic-resource-num></record></Cite></EndNote>].

The test materials administered in the 9000 toner studies [ ADDIN EN.CITE  ADDIN
EN.CITE.DATA ]included colorant materials (predominantly carbon black) at up to
10%, and the influence of these colorants on the observed effects is unknown.

The PODs summarized in [ REF _Ref46678612 \h \* MERGEFORMAT | for the HMW
polymers were reported on a mass/volume basis. However, there is evidence that number
of particles, particle volume, and/or volume of particles retained in the lung can influence
the threshold at which lung overload conditions occur [ ADDIN EN.CITE  ADDIN

EN.CITE.DATA | _Data emerging on nanomaterials and ambient nltratine particles

dose metrics should be explored. This can be done readily with dosimetry models as

described.

&
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/1 calculation of particle volumell This needs CORRECTION, Particle
volume and surface areaare directly calculated from MMAD and
G50 ing-lognormal distribution.

; Commented [JA45]: Density has NOTHING to do with
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-1 Commented [JA46]: 77 DENSITY is one of the main
determinants {see Figure ©in supplemental)and is a REQUIRED
INPUT to both RDDR and: NIPPD models. ‘CLARIEY:

/ St/ e/ s 1 ,{ Formatted: Strikethrough

“{ Formatted: Strikethrough

Particle morphology, reactive groups, and cytotoxicity can impede clearance pathways
and induce other mechanisms of toxicity in rodents and humans. These factors include
covalent binding to lung tissues, toxicity to clearance macrophages/cilia and particles
lodging in pulmonary tissues which may not be considered in aerodynamic models. An in

vitro macrophage clearance assay utilizing human or primate cells and rat cells would be
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potentially useful information to determine whether new chemistries fall within or

outside the boundaries for this category.

An additional, important consideration pertains to the uncertainty associated with the human

relevance of lung tumors observed in rats exposed to PSPs. The-available data-cleatly

,,«/{ Commented [3A471: | am not aware of this: Lung tumors ves,

< “ Other toxicity not wiell established:

\{ Formatted: Strikethrough

reported in rats, but have not been reported in mice, hamster, non-human primates, or humans |
ADDIN EN.CITE
<EndNote><Cite><Author>ECETOC</Author><Year>2013</Year><RecNum>9</RecNum><
DisplayText>[29]</DisplayText><record><rec-number>9</rec-number><foreign-keys><key
app="EN" db-id="xs0a9%0va7aastwexSaevOdvyp0t5S9staSdae"
timestamp="1590845309">9</key></foreign-keys><ref-type name="Report">27</ref-
type><contributors><authors><author>ECETOC</author></authors></contributors><titles><tit
le>Poorly Soluble Particles / Lung Overload</title></titles><pages>130,
http://www.ecetoc.org/wp-content/uploads/2014/08/ECETOC-TR-122-Poorly-Soluble-Particles-
Lung-Overload.pdf</pages><number>Technical Report No.
122</mumber><dates><year>2013</year><pub-dates><date>December 2013</date></pub-
dates></dates><pub-location>Brussels, Belguim</pub-location><publisher>European Centre
for Ecotoxicology and Toxicology of Chemicals</publisher><work-type>Technical

Report</work-type><urls><related-urls><url>htip://www.ecetoc.org/wp-
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content/uploads/2014/08/ECETOC-TR-122-Poorly-Soluble-Particles-Lung-
Overload.pdf</url></related-urls></urls></record></Cite></EndNote>]. Despite the uncertainty
in the carcinogenicity of inhaled PSPs, the rat model remains a useful model for lung overload
because it is a sensitive model for inflammatory response to PSPs, and because protecting
against inflammation and proliferation may also protect against tumor formation [ ADDIN

EN.CITE ADDIN EN.CITEDATA .

Tiered-testing Strategy

The POD and benchmark MOE derived herein provide an analogue/read-across approach for
assessing new chemical substances that fit within the chemical category boundaries for HMW
polymers, also defined herein. As with any analogue read-across, assessors must carefully
consider the comparability of the new chemical substance to the analogue or another acceptable
toxicological analogue; this framework provides specific criteria for evaluating whether a new
chemical substance “fits” into the HMW polymer category (i.e., not chemically reactive,
insoluble in water, not expected to be directly cytotoxic, not expected to release toxic

degradates). Additionally, we demonstrate the ity of dosimetrv modeling to inforn

evaluation or experimpental design.

When information is not available to evaluate whether the new chemical substance fits within the
category boundaries and the analogue is appropriate for use in a risk assessment, testing should
be performed to aid with refining the evaluation of new chemistries that are anticipated to
present a potential lung overload hazard. A tiered-testing strategy that is consistent with the
reduced vertebrate testing requirements under the amended TSCA is provided. Though this

strategy does not completely exclude vertebrate testing, it maximizes the use of NAMs for
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determining whether vertebrate testing should be considered. This strategy incorporates in
chemico and/or in vitro characterization of the chemical substance in Tier I (e.g., particle size

distribution, density, reactivity, and biosolubility measurements). For substances that have

particles in the respirable range, are non-reactive, and are not biosoluble, computational
dosimetry screening is included under Tier II to determine whether the HMW polymer is

estimated to exceed the clearance t¥% in the rat gr demonsirate overload under anlicipaied nge

management options or strategic in vivo testing is proposed as a final option under Tier L

Tier 1

e Particle Size Distribution or Aerosolized Droplet Size of particle in use (i.e., cascade
impactor, laser methods, e.g., OECD TG 110 [ ADDIN EN.CITE
<EndNote><Cite><Author>OECD</Author><Year>1981</Year><RecNum>64</RecN
um><DisplayText>[ 59]</DisplayText><record><rec-number>64</rec-
number><foreign-keys><key app="EN" db-
id="xs0a9%0va7aastwexSaevldvypOt59staSdae"
timestamp="1595804668">64</key></foreign-keys><ref-type name="Journal
Article">17</ref-
type><contributors><authors><author>OECD</author></authors></contributors><titles
><title>Particle Size Distribution/Fibre Length and Diameter
Distributions</title><secondary-title>OECD Guideline for Testing of

Chemicals</secondary-title></titles><periodical><full-title>>OECD Guideline for
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Testing of Chemicals</full-title></periodical><pages>13, https://www.oecd-
ilibrary.org/environment/test-no-110-particle-size-distribution-fibre-length-and-diameter-
distributions_9789264069688-

en</pages><volume>110</volume><dates><year>198 1 </year></dates><urls></urls></r
ecord></Cite></EndNote>], OPPTS 830.7520 [ ADDIN EN.CITE
<EndNote><Cite><Author>EP A</Author><Year>1996</Y ear><RecNum>65</RecNu
m><DisplayText>[60]</DisplayText><record><rec-number>65</rec-number><foreign-
keys><key app="EN" db-id="xs0a90va7aastwexSaev0dvyp0tS9staSdae"
timestamp="1595804850">65</key></foreign-keys><ref-type name="Journal
Article">17</ref-
type><contributors><authors><author>EPA</author></authors></contributors><titles>
<title>Particle Size, Fiber Length, and Diameter Distribution</title><secondary-
title>Oftice of Pollution Prevention and Toxics, U.S. Environmental Protection Agency,
1200 Pennsylvania Ave., NW, Washington, DC 20460</secondary-
title></titles><periodical><full-title>Office of Pollution Prevention and Toxics, U.S.
Environmental Protection Agency, 1200 Pennsylvania Ave., NW, Washington, DC
20460</tull-title></periodical><pages>13, https://www.epa.gov/test-guidelines-
pesticides-and-toxic-substances/series-830-product-properties-test-
guidelines</pages><volume>EPA 712-C-96-
037</volume><dates><year>1996</year></dates><urls></urls></record></Cite></End
Note>]) of the new chemical substance during specific use(s) (i.e., depending on the
intended or known uses of the chemical substances, particle size distribution may need to

be tested under more than one use scenario)
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o If the % of respirable particles (i.e., < 10 pmj) is less than 1 wt% under the
conditions of use, or following transport, stop at Tier L.

o If the % of respirable particles (i.e., < 10 pmj) is greater than 1 wt% under the
conditions of use, or if respirable particles are anticipated or shown to be
generated following transport (> 1%), then proceed with reactivity testing, if
needed, or biosolubility testing.

e Reactivity

o If the HMW polymer is a potential concern for reactivity, based on function or
other information (e.g., does not meet the E1 FG/FGEW criteria), reactivity
should be assessed using an in vitro method, preferably discussed with EPA ina
pre-notice consultation meeting and prior to study initiation. The assay developed
by Wiemann et al. (2013) [ ADDIN EN.CITE ADDIN EN.CITE.DATA ]
provides a potential option; however, there are caveats with its use, such as not
being validated and uncertainty with whether the test method could be used with
HMW polymers, underscoring the recommendation to consult with EPA prior to
testing using this method or other test methods.

o If substance is “reactive” (e.g., does not met the E1 FG/FGEW criteria) or based
on data tfrom the identified assay or any other appropriate assay, it would be
excluded from the HMW polymer category. If evidence indicates the substance is
“non-reactive” (e.g., it does meet the E1 FG/FGEW criteria) or based on data
from the identitied assay or any other appropriate assay, then proceed to

biosolubility testing.
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¢ Biosolubility Testing
o Solubility in Gamble’s solution (e.g., ECETOC, 2013 [ ADDIN EN.CITE
<EndNote><Cite><Author>ECETOC</Author><Year>2013</Year><RecNum>
9</RecNum><DisplayText>[29]</DisplayText><record><rec-number>9</rec-
number><foreign-keys><key app="EN" db-
id="xs0a%0va7aastwexSaevldvypOt59staSdae"
timestamp="1590845309">9</key></foreign-keys><ref-type
name="Report">27</ref-
type><contributors><authors><author>ECETOC</author></authors></contribut
ors><titles><title>Poorly Soluble Particles / Lung
Overload</title></titles><pages>130, http://www ecetoc.org/wp-
content/uploads/2014/08/ECETOC-TR-122-Poorly-Soluble-Particles-TLung-
Overload.pdf</pages><number>Technical Report No.
122</number><dates><year>2013</year><pub-dates><date>December
201 3</date></pub-dates></dates><pub-location>Brussels, Belgnim</pub-
location><publisher>Furopean Centre for Ecotoxicology and Toxicology of
Chemicals</publisher><work-type>Technical Report</work-
type><urls><related-urls><url>http://www.ecetoc.org/wp-
content/uploads/2014/08/ECETOC-TR-122-Poorly-Soluble-Particles-Lung-
Overload.pdf</url></related-urls></urls></record></Cite></EndNote>]),
simulated epithelial lung fluid (SELF) (e.g., Boisa et al. 2014 [ ADDIN EN.CITE
ADDIN EN.CITE.DATA ]); and/or phagolysosomal simulant fluid (e.g.,

BAUA, 2017 [ ADDIN EN.CITE
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<EndNote><Cite><Author>BAUA</Author><Year>2017</Year><RecNum>57
</RecNum><DisplayText>[30]</DisplayText><record><rec-number>57</rec-
number><foreign-keys><key app="EN" db-
id="xs0a90va7aastwex5aevidvypOt59staSdae"
timestamp="1595794599">57<key></foreign-keys><ref-type name="Journal
Article">17</ref-
type><contributors><authors><author>BAUA</author></authors></contributors
><titles><title>Methodology for the Identification of Granular Biopersistent
Particles (GBP) at Workplaces</title><secondary-title>Federal Institute for
Occupational Safety and Health</secondary-title></titles><periodical><full-
title>Federal Institute for Occupational Satety and Health</full-
title></periodical><pages>103,

https://www .baua.de/EN/Service/Publications/Report/F2336.pdt</pages><dates>
<year>2017</year></dates><urls></urls></record></Cite></EndNote>])

o Employ a simple exponential decay model to predict the dissolution half-
life: P(t)=P0e™, where: P(t) = the amount of some quantity at time t; PO =
initial amount at time t = 0; r = the decay rate; t = time

The exponential decay function is the solution to the first order reaction equation,
assuming a constant decay rate, r:

O B
T = _TP(t),P(O) = PO

First order kinetics are used as the basis for lung clearance rates including dissolution and

absorption into blood | ADDIN EN.CITE  ADDIN EN.CITE.DATA .
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= If the solubility data indicate a dissolution rate (i.e., 100 mg/L/day or 72
mg/day) higher than the daily occupational exposure estimate (e.g., default
PDR of 50 mg/day), then stop at Tier L.

= [f the solubility data indicate a dissolution rate lower than the daily

occupational exposure estimate, then proceed with Tier II testing.

If the % of respirable particles is > 1 wt%, the HMW polymer is non-reactive, and the HMW

polymer has a dissolution rate that is lower than the estimated daily occupational exposure

estimate, proceed to Tier I

Tier IT

1 Commented [JA48]: ?? DIFFICULT TO MODIFY THE Al
COMPONENTS OF MPPD; plus overload pertains to INSOLUBLE
PARTICLES.

e Perform computational modeling (e.g., MPPD)) including the effect of dissolution to

predict deposition, clearance, and lung burden for a simulated chronic rat exposure (See,
e.g., Ladics et al., 2020 [ ADDIN EN.CITE
<EndNote><Cite><Author>Ladics</Author><Year>2020</Y ear><RecNum>69</RecN
um><DisplayText>[ 19]</DisplayText><record><rec-number>69</rec-
number><foreign-keys><key app="EN" db-
id="xs0a90va7aasfwexSaevldvypOt59staSdae"
timestamp="1595838584">69</key></foreign-keys><ref-type name="Journal
Article">17</ref-type><contributors><authors><author>Ladics,
G.</author><author>Price, O.</author><author>Kelkar,
S.</author><author>Hermkimer, S.</author><author>Anderson,

S.</author></authors></contributors><titles><title>In silico Multiple-Path Particle
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Dosimetry Modeling of the Lung Burden of a Biosoluble, Bioaccessible Alpha 1,3
Polysaccharide Polymer</title><secondary-title>Chemical Research in
Toxicology</secondary-title></titles><periodical><full-title>Chemical Research in
Toxicology</full-title></periodical><pages>In
preparation</pages><dates><year>2020</year></dates><urls></urls></record></Cite><

/EndNote>])._If dissolution data are not available, assume the test article 13 a poorly

soluble particle (PSP,

e Ifthe klearance t44 is less than 60 days, stop at Tier IL .~} Commented [JA49]: 22 WHY NOT PERFORNI SIMULATIONS AS
WE DIDTO DENIONSTRATE IF QVERLOAD OCCURSOR NOT2 2 sn't
that what you asked us todo?

If the clearance t¥ is greater than that for PSPs in the rat (i.e., 60 days) [ ADDIN EN.CITE
<EndNote><Cite><Author>Oberdorster</Author><Year>1995</Y ear><RecNum>60</RecNum
><DisplayText>[36]</DisplayText><record><rec-number>60</rec-number><foreign-
keys><key app="EN" db-1d="xs0a90va7aastwexSaev0dvyp0t59staSdae"”
timestamp="1595797677">60</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>Oberdorster,
G.</author></authors></contributors><titles><title>Lung Particle Overload: Implications for
Occupational Exposures to Particles</title><secondary-title>Regul Toxicol
Pharmacol</secondary-title></titles><periodical><tull-title>Regul Toxicol Pharmacol</full-
title></periodical><pages>123-
135</pages><volume>27</volume><dates><year>1995</year></dates><urls></urls></record>
</Cite></EndNote>], consider risk management options (e.g., engineering controls and personal

protective equipment) or proceed to Tier II1.
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Tier 111

Strategic in vivo testing should be considered, albeit on a case-by-case basis. When
performed, the testing should include:

o MPPD stmulations o predict for the specific particle size, distribution, and

density of the PYC 1n gquestion at what exposure level overload is likely to occur.

-+ Commented [JA50]: WHY would you use ONE simulation

{Miuhle) to predict acategory when itis easy to TAILOR
SPECIFICALLY tounknown inguestion??

o [Bxposure concentrations high enough to demonstrate impaired pulmonary

clearance of particles and lead to an “overload” condition. It has been shown that

in rats impaired clearance starts when phagocytized particle volume exceeds 6%

of normal alveolar macrophage volume and clearance stops altogether when
phagocytized volume reaches 60% of normal macrophage volume (See, e.g.,

Borm et al., 2015 | ADDIN EN.CITE ADDIN EN.CITE.DATA 1]); and

o Special attention to pulmonary function tests; blood oxygen (pO»); lung burden
measurements and lung clearance kinetics; collection of BALF for assessment of

marker enzyme activities, total protein content, and cell counts; lung retention and

clearance; lung weight; and lung histopathology (inflammation and cell

proliferation). It is not necessary to evaluate internal organs. OECD TG 413 |

ADDIN EN.CITE

<EndNote><Cite><Author>OECD</Author><Year>2018</Year><RecNum>71

</RecNum><DisplayText>[64|</DisplayText><record><rec-number>71</rec-

number><foreign-keys><key app="EN" db-

1d="xs0a%0vaTaastwexSaevOdvypOt59staSdae"

timestamp="1595838832">71<key></toreign-keys><ref-type name="Journal

Article">17</ref-
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type><contributors><authors><author>OECD</author></authors></contributors
><titles><title>90-Day (Subchronic) Inhalation Toxicity
Study</title><secondary-title>OECD Guideline for Testing of
Chemicals</secondary-title></titles><periodical><full-title>OECD Guideline for
Testing of Chemicals</full-title></periodical><pages>23, https://www.oecd-
ilibrary.org/environment/test-no-413-subchronic-inhalation-toxicity-90-day-
study 9789264070806-
en</pages><volume>413</volume><dates><year>2018</year></dates><urls></
urls></record></Cite></EndNote>] and OECD GD 39 [ ADDIN EN.CITE
<EndNote><Cite><Author>OECD</Author><Year>2018</Year><RecNum>72
</RecNum><DisplayText>[65]</DisplayText><record><rec-number>72</rec-
number><foreign-keys><key app="EN" db-
id="xs0a9%0va7aastwexSaev{dvypOt59staSdae"
timestamp="1595839002">72</key></foreign-keys><ref-type name="Journal
Article"™>17</ref-
type><contributors><authors><author>0OECD</author></authors></contributors
><titles><title>Guidance Document on Inhalation Toxicity Studies, Series on
Testing and Assessment (Second Edition)</title><secondary-title>Environment
Directorate Joint Meeting of the Chemicals Committee and the Working Party on
Chemicals, Pesticides and Biotechnology</secondary-
title></titles><periodical><full-title>Environment Directorate Joint Meeting of
the Chemicals Committee and the Working Party on Chemicals, Pesticides and

Biotechnology</full-title></periodical><pages>106,
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https://www.oecd.org/oftficialdocuments/publicdisplaydocumentpdf/?cote=env/jm
/mono(2009)28/revl &amp;doclanguage=en</pages><volume>ENV/IM/MONO(
2009)28/REV 1</volume><dates><year>2018</year></dates><urls></urls></rec
ord></Cite></EndNote>] should be consulted, given that the 90-day subchronic
inhalation toxicity study in rats (OECD 413) with a 60-day recovery period is
sufficient for identifying lung overload for PSPs in this species [ ADDIN
EN.CITE

<EndNote><Cite><Author>EPA</Author><Year>2010</Y ear><RecNum>32</
RecNum><DisplayText>[2]</DisplayText><record><rec-number>32</rec-
number><foreign-keys><key app="EN" db-
id="xs0a9%0va7aastwexSaev{dvypOt59staSdae"
timestamp="1595769245">32</key></foreign-keys><ref-type name="Journal
Article">17</ref-
type><contributors><authors><author>FEPA</author></authors></contributors>
<titles><title>TSCA New Chemicals Program (NCP) Chemical
Categories</title><secondary-title>Office of Pollution Prevention and Toxics,
U.S. Environmental Protection Agency, 1200 Pennsylvania Ave., NW,
Washington, DC 20460</secondary-title></titles><periodical><full-title>Office
of Pollution Prevention and Toxics, U.S. Environmental Protection Agency, 1200
Pennsylvania Ave., NW, Washington, DC 20460</full-
title></periodical><pages>https://'www.epa.gov/sites/production/files/2014-
10/documents/ncp_chemical categories_august 2010 version_0.pdf</pages><da

tes><year>2010</year></dates><urls></urls></record></Cite></EndNote>].

[PAGE ]

ED_005294A_00000408-00138



CONCLUSIONS

The MPPD software provides for a straightforward approach to predict when overload might
occur in the experimental species. perform interspecies extrapolation to HEC estimates, and
inform inferences for human health risk evaluation. Concentrations at which overload was not
achieved in the rat are relevant to human assessment, as are other endpoints other than fumors at
overload. Simulations would also be most useful to design of experiments before costly

investments in inhalation studies are made and may also help to reduce and refine the number of

animals used! .| Commented [ST52]: I pracess
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Message

From: Marrapese, Martha [MMarrapese@wileyrein.com]
Sent: 9/25/2019 6:13:19 PM

To: Henry, Tala [Henry.Tala@epa.gov]

CC: Heinzman, Tracy [THeinzman@wileyrein.com]
Subject: Presentation and Suggestions

Attachments: Ski Wax Industry Presentation.pptx; SIA TSCA Presentation DRAFT_0925 DRAFT With EPA slides.pptx

Dear Tala,
The deck you sent looks fantastic in terms of the information on PFAS and the level of detail on new chemical reviews.

Since we all need to come in around 20-25 minutes in our segments, | have attached some suggestions that would bring
your 30 slides to 22:

Ex. 5 Attorney Work Product (AWP)

¥ ¥ f=2=]

The second attachment to this email is the entire presentation as it would look with these suggestions included. Please
edit as you see fit (add slides back in or whatever you need to do) and get back to me later this afternoon?

Thank you very much again for working on this. Itis very, very important for the industry to hear from EPA.
Sincerely, Martha

Martha E. Marrapese | Attorney at Law

Wiley Rein LLP

1776 K Street NW | Washington, DC 20006
T:202.719.7156 | mmarrapese@wileyrein.com
wileyrein.com | Linkedin| Twitter

NOTICE: This message (including any attachments) from Wiley Rein LLP may constitute an attorney-client
communication and may contain information that is PRIVILEGED and CONFIDENTIAL and/or ATTORNEY
WORK PRODUCT. If you are not an intended recipient, you are hereby notified that any dissemination of this
message is strictly prohibited. If you have received this message in error, please do not read, copy or forward
this message. Please permanently delete all copies and any attachments and notify the sender immediately by
sending an e-mail to Information@wileyrein.com.
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TOXIC SUBSANCES CONTROL ACT (TSCA) & PFAS

Tala Henry, PhD
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., MG Ervironmental Protection Agency
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SnowSports Industries of America &
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TSCA: New Chemicals
»  TSCA Section 2(b)(3):

»  Authority over chemical substances and mixtures should be
exercised in such a manner as nol o impede unduly or create
unnecessary economic barriers to technological innovalion.

»  While fulfilling the primary purpose of this Act to assure that
such innovation and commerce in such chemical substances and

mixtures g not present an wrreasonable risk of injury o heaith
or the environment.
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Overview of New Chemicals Program

«  Functions as a “gatekesper™ (o help manage the potential risk to human health and the
ervironment from chemicals new o the marketplace,

> Anyone who plans W manufacture (o mport) & new chernical substancs must provide EPA with notics
- & Premanufacture Notice (PMN)

» EPA must review and evaluate new chemicals {or significant new uses of existing chemicals) and makes
an affirmative finding before those chemicals can enter the markst

«  Review rrust be complated within 20 days, with ability b exdend 30 days

> If risks ars identified, EPA mustimpose restrictions or prohibdtions on the manufacturing, processing or
use of the chemical to ensure the risks are mitigated

ED_005294A_00000410-00007



®

Exemptions from PI

Exemption Application Not Beguired for:

®

«

Submission of Exemption Application Reguired:

«

@

°

®

«

For all exemption applications, EPA assesses whether the manufacture, processing, distribution in
cormmeres, use or disposal of the substance will present an unreasonable risk to hurnan health or
the environmett,

&

R&D Chemivale

Exempted Polymars of Low Concern {only annual reporting

Low Volurne (10,000 Kg/vr) - 30 Day Review

Low Redeass/Exposure (LOREX - 30 Doy Review

Test Market Exemption {TME} - 45 Day Review

TSCA Experimental Release Application — 80 Day Reviaw

Tiar T and Tier 2 Biotechnolagy Exemplians
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ew Chemical Assessments

New chemicals determinations are made using a rsk-based approach, taking into account both
hazard and exposure, under the substance’s conditions of use {ntended, known and reasonably
foresesn .

ERA assesses health and snvironmmental hazards and exposures to
«  muitiple populations of humans: workers, consumers and general population, including
susceptible subpopulations, s.g. different age groups of the general population)
« the environment {e.g., primarily aguatic snvironment ),

Data required to be submitted with 3 new chemical (PMNY under TSCA Is limited:
+  Delails about how the chemical with be manufactured, processed and used
«  Only test data {e.g., fate tests, toxicity tesls, ete) that already exdists; no new testing is
reguired o be conducted for the submission.

Thersfors, ERA relies on predictive assesament methods, databases, and tools and modsls to
syaluate chemicals throughout thelr Bfecycle, e, manufacture, processing, distribution, use and
disposal.
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Types of Determinations under TSCA Section 5
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Significant New Use Rules (SNURs)

« A SNUR s & rule that identifies a potential new use of a chemical as a “significant new
se,”

« A manufaciurer or processor intending to commence a significant new use must first
submit to EPA 3 Significant New Use Notice (SNUN), and EPA must review and approve
the use described in the SNUN before the company may commence manufaciure or
DFOTBSSING,

o TSCA authorizes BRA o propose or issue a SHNUR for & chemical substance at any time,
including during review of a section 5 notice for the chemical substance.
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PFAS Activities under TSCA
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What are PFAS?

e Per- and polyfluoroalky! substances {PFAS) are a group of man-
made chemicals that have been in use since the 1940s.

e There are many PFAS chemicals, including the chemicals
perfluorooctancic acid {PFOA}, perfluorooctane sulfonate
(PFOS), and GenX chemicals (HFPO dimer acid and its
potassium salt).
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What are PFAS?

¢ Due to their strong carbon-fluorine bonds, many PFAS
can be very persistent in the environment with
degradation periods of years, decades, or longer
under natural conditions.

e Two of the most studied PFAS are Perfluorooctanoic
Acid {PFOA) and Perfluorooctane Sulfonate (PFOS),
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Where are PFAS found?

® PFAS are {or have been) found in a wide array of consumer
products like cookware, food packaging, and stain and water
repellants used in fabrics, carpets and outerwear.

e PFAS manutacturing and processing facilities, and airports and
military installations that use firefighting foams which contain
PFAS,
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PFAS and TSCA

» 1,223 PFAS chemicals have been identified as being on the T5CA
Inventory historically.

»  There are 602 PFAS chemicals reported as active in commerce in the
ten years prior to June 22, 2016,
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PFAS and TSCA

TSCATOOLS

Manage

2010715 SlEermatigs Significant Toxics TRCA Section
PEOX New Uss Relzuse 5 as Potentsl

. . ~ Maw E .
Stewardahip Chinlonls Rules inventony tonl for Risk
Program ?r;wra:n“ {GBILIRSY (RN Manapement
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PFAS and TSCA

«  PFOS Phasaout

«  EPA worked with iIndustry 1o phase oulb production of PPDS and related chemicals between
2000 to 2002

« 20L0/ 2015 PFOA Stewardship Program

s in 2006, EPA, In conperation with sight major companies that manufactured and/or processed
long-chain PRAS, launched the 2010/2015 PFOA Stewardship Program with the goal of
gliminating long-chain PRAS from emissions and products by 2015

«  Arkerna, Asahi Glass Company, BASF Corporation {formerly Oiba Specialty Chemicals
Corporation), Clariant, Dalkin, 3M/Dyneon, Chemours {formerly DuPont), and Sobay Solaxis

« Al participating companies have met the PFCA Stewardship Program goals

«  Some companies that were not part of the PROA Stewardship Program continue to
produce/import and use PROA and other ong-chain PFAS that were phased cut by others under
the program
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PFAS and TSCA

«  THCA Activities for Existing PFAS Chemicals
« 20020 SNUR on 13 perfluorcalky! sulfonate chemicals (67 FR 11008)
« 2002 SNUR on 75 perflucroalioy! sulfonate chemicals (67 FR 72854}

« 2003 Enforceable Consent Agresment (ECA) Process (BB FR 1EG26) to develop data on uss
and production, exposurs, ooy, pharmacskinetics, and monitorng on long-chain PRAS

2007 SNUR on 183 perfluorcatioy] sulfonate chemicals (72 FR 57228

+ 2000 Premanufacture Notification Exemption for Polymers: Amendment of Polymer
Ewermnption Rule to Exclude Certain Perfluorinated Polymers (75 FR 4295) revoking PRAD
pishyrners from exemption under the pulvmer exermption mils

« 20130 SNUR on long-chain perflucroaliy! carboylate chemical substances (LOPFAC) as part of
carpets or carpel treatment products (78 FR 62443

«  2015; Proposed SNUR on LCPFAC and perflucroalkyl sulfonate chemicals (80 FR 2885) to
support the voluntary PFOA Stewardship Program phaseout of long-chain PFAS

The significant new uses for perfluoroalkyl sulfonates in the 2002 and 2007 SNURs (CFR 8721.9582):

Any manufacture or import for any use

Manufacture or import for the following specific uses is not considered as a significant new use subject to reporting (because
these are ongoing uses and therefore not “new”):

Use as an anti-erosion additive in fire-resistant phosphate ester aviation hydraulic fluids

Use as a component of a photoresist substance, including a photo acid generator or surfactant, or as a component of an anti-
reflective coating, used in a photomicrolithography process to produce semiconductors or similar components of electronic or
other miniaturized devices

Use in coating for surface tension, static discharge, and adhesion control for analog and digital imaging films, papers, and
printing plates, or as a surfactant in mixtures used to process imaging films

Use as an intermediate only to produce other chemical substances to be used solely for all of the uses listed above
Manufacture or import of tetraethylammonium perfluorooctanesulfonate (CAS No. 56773-42-3) for use as a fume/mist
suppressant in metal finishing and plating baths (e.g., hard chrome plating; decorative chromium plating; chromic acid
anodizing; nickel, cadmium, or lead plating; metal plating on plastics; and alkaline zinc plating)

Manufacture or import of a few perfluoroalky! sulfonates for use as a component of an etchant, including a surfactant or fume
suppressant, used in the plating process to produce electronic devices

The significant new uses for LCPFAC in the 2013 SNUR (CFR §721.10536):
Manufacture (including import) or processing for use as part of carpets or to treat carpets (e.g., for use in the carpet aftercare
market)

Manufacture (including import) or processing of CAS No. 68412-68-0 and CAS No. 68412-69-1 for use as a surfactantin
aftermarket carpet cleaning products is not be considered a significant new use subject to reporting
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PFAS and TSCA

» In 2015, EPA published the proposed SNUR on LCPFAC to ensure that LOPFAC
chemicals that have been phased out under the 201072015 PFOA Stewardship
Program do not re-enter the marketplace without review

« EPA intends to issue a supplemental SNUR for the import of certain
LOPFAC chemical substances as part of categories of certain articles
following changes to THUA brought sbout by the Frank R, Lautenberg
Chemical Safety for the 21st Century Act in June 2016 (RIN 2070-A399)
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Action Plan Background

e EPA convened a two-day Netional Leadership Summit on PFAS in
Washington, D.C.

e Following the Summit, the agency hosted a series of visits during the
summer of 2018 In communities directly impacted by PFAS where EPA
interacted with more than 1,000 people.

#  The EPAs PFAS Action Plan was developed based on feedback from these
events in addition to information received from approximately 120,000
comments submitted to the public docket.
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Action Plan Purpose

s Provides EPA's first multi-media, multi-program, national research,
management and risk communication plan to address a challenge like
PFAS,

s Responds to the extensive public Input the agency has recelved over the
past year during the PFAS National Leadership Summit, multiple
community engagements, and through the public docket.

e A3 a result of this unprecedented outreach, the Action Plan provides the
necessary tools to assist states, tribes, and communities in addressing
FEAS,
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Highlighted Actions

s The EPA is committed to following the MCL rulemaking process as established by
SDWA for water treatment and EPA will propose nationwide drinking water
monitoring for PRAS under the next BCMBR monitoring cycle.

s  The EPA is Initiating the regulatory development process for listing certain PFAS as
hazardous substances.

a  The EPA is rapidly expanding the sclentific foundation for understanding and
managing risk from PFAS,

s The EPA uses enforcement tools, when appropriate, to address PFAS exposure In
the environment and assist states in enforcement activities.
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Highlighted Actions

Toxics

¢ The EPA s considering the addition of PFAS chemicals to the Toxics Release
Inventory

#  EPA s issuing a supplemental proposal to guard against the unreviewed
refntroduction and new use, through domestic production or import, of
certain PFAS chemicals In the United States.

The EPA will provide updates on actions outlined in the plan on the Agency’s
website,
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JFCE

= Timeline:
» 2017, EPA began issuing subpoenas demanding information on
the ingredients contained in ski wax products.

= (Qur understanding is that the investigation began because the
agency determined that these products can contain PFAS.

= During the last two seasons, EPA has issued subpoenas to
importers, distributors, and manufacturers of ski wax suppliers.

« Let to sales disruption and widespread industry speculation.
« EPA’s investigation and enforcement actions are on-going.

» Part of an agency-wide initiative to regulate PFAS that is getting
national attention.

« This presentation is designed 1o explain what has been happeni

ED_005294A_00000410-00028



]

* The Toxic Substances Control Act —~ TSCA
» The law applies to all ski wax products:

Glide way, klisters, kick wax,
grip wax, etc.

Hard wax, sprays, liquids
Fluoro and Non-fluoro
Nordic, Alpine

SE(ES, b@ards; SE@dS; boats TSCA was recently updated in 2016:

Other products like
wax cleaners

The basis for EPA's enforcement is a law called the Toxic Substances Control Act. TSCA applies to all ski wax products. To be
clear, TSCA is not a new law. It was part of the USA’s suite of major environmental statutes passed in the 1970s and 80s. The
CAA was first updated in 1970, the CWA was passed in 1972, RCRA, our federal hazardous waste law, was passed the same year
as TSCA in 1976, and our Superfund law was passed by Congress as CERCLA in 1980. In fact, TSCA has been around so long that
Congress updated it in 2016! The changes have put more national attention on existing chemicals like PFAS and also require

EPA to pay particular attention to the use of potentially harmful chemicals in consumer products.
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» Not Just Ski®

# The exact same rules apply to these types of ski wax
businesses:

¥ Importers!

« U.S. Subsidiary of an EU Company/importer
» U.S. Distributor/importer
« U.S. Manufacturer

» UL.S. Store selling its own private label wax whether
manufactured here or abroad (“contract manufacturer”)

= If you are one of these entities, vou are a chemical
company and vou have to act like one.

As part of this presentation with SIA, we want to eliminate any misunderstanding about who in the ski wax industry needs to be
concerned about complying with this law. If you think EPA does not regulate you because you do not import ski wax, think
again. If you make it here, the law applies to you. TSCA’s rules are the same for manufacturers and importers. The TSCA
definition of a manufacturer includes importers.

Based on our understanding of how the ski wax industry operates in the US, the following companies are regulated in the same
manner as a chemical company (LIST). The companies that are importing their ski wax have to know that all of the ingredients
that they are bringing into the country are in compliance. In the same way, if you manufacture ski wax here, all of the
ingredients you use to make the waxes need to be compliant with TSCA.

Every wax supplier must follow this law and keep proper records for at least 5 years of prior commercial activity to verify that
you understand and are meeting your obligations. You are required by law to verify and document compliance whether or not
EPA asks you for this information.
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iance

8 TSCA compliance is not guaranteed by good standing
under the European Union REACH Regulation.

* The REACH exemption for small guantities of substances
{«1,000 kg} is not available in the US.

» REACH in 2020 DOES allow C8 to continue to be present in
ski waxes a lower level. The C8 in a wax product may or may
not be on the EPA’s TSCA inventory. This must be verified.

Another common misconception about TSCA among companies that do a lot of business with companies in the European

Union is that if you comply in Europe you comply with the law here. That is not necessarily the case, especially when it comes to
PFAS substances, fragrances and colors. Ski waxes only need a little of these materials, but the low volume exemption the
Europeans use under REACH to comply does not apply here in the United States. Other examples in my experience include:
some PFAS chemicals may be on the EU list of approved substances but not on the EPA’s approved list;

different chemical names can apply to qualify chemicals under REACH;

The EU may establish different safety levels that are not recognized by EPA, such as the one they have established for the PFOA
degradation product of C8 perfluoros.

One more misconception to debunk here is that compliance with workplace safety requirements under OSHA or EU CLP means
you comply with TSCA. These are two very different laws. It's true that TSCA and REACH allow the government to regulate
chemicals in the workplace. Information from one may be useful for determining compliance with the other, but they are not
the same at all.
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® Ski wax cannot be made here or imported here
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u EPA's list is called the “TSCA Inventory”.

» It has o public and a confidential section, so checking

the public section does not provide the full picture

of all the listings.

What are the TSCA rules that apply equally to manufacturers and importers? First and foremost, ski wax cannot be made or

brought into the country unless every one of the ingredients, no matter how small the amount, is either already on EPA’s list of

existing chemicals

reviewed by EPA and placed on this list, or exempt.

v

Exemptions are few and far between, so don’t count on having one to bail you out. Most TSCA exemptions will not apply to the
ingredients that are intentionally added to ski wax. EPA’'s low quantity exemption requires that you notify EPA and get the

agency's approval before you import or manufacture the chemical.

Because a hard wax is melted during end use, the exemption for ingredients that are part of an article does not apply. The
article has to keep its shape during end use, and because the hard wax is converted to a liquid when it is applied it does not

qualify as an article per TSCA.
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Many ingredients
| inquiry 3 steps up the supply chain

On this slide we have an example of the level of detailed review that is required. As everyone knows on this webinar, Ski wax is
color coded. Yellow signals that a wax is suitable for use under warmer conditions, red is for around the freezing mark, with
purple, blue and green signaling uses under increasingly cold conditions.

For the purpose of presenting this example, we were given permission to disclose that we have been assisting Swix Sport USA
with their TSCA ingredient review. So, during that review, we looked at a blue colorant that is used in some of their waxes. It
turns out from looking at the SDS and communicating with the supplier that this blue dye has a total of 19 different ingredients.
Initially, some of them were identified as single chemicals and some were identified by trade names and were actually mixtures
of two or more chemicals. To determine whether each ingredient in the dye was compliant with TSCA required working with
the EU parent company’s regulatory department, and going two more steps up the supply chain.

The SDS from the colorant manufacturer, which BRAV had, was a good start, but not sufficient to make a TSCA compliance
determination. Why? Most SDSs do not list 100% of the formulation. Trade names mask mixtures, non-hazardous ingredients
need not be disclosed, and even hazardous ingredients may be left off an SDS if they are below the 1% or 0.1% (in the case of
carcinogens) threshold levels under OSHA HazCom and EU CLP workplace safety rules.

We had to ask BRAV Norway to work with us to contact the colorant manufacturer. That EU colorant manufacturer purchases
ingredients to mix the color. Some of these ingredients are proprietary so the colorant manufacturer did not know what they
were or their TSCA status. So, the EU colorant manufacturer had to contact its ingredient suppliers for the information we
needed.

Fortunately, in this case all of the ingredients in the blue dye are on EPA’s TSCA Inventory list. In another case, one of the
fragrances used in a Swix wax had a similar number of ingredients, but we were not so lucky. In that case, the fragrance
manufacturer’s SDS did list 100% of the formulation with the formal chemical names and identifiers that we call Chemical
Abstracts Service Registry Numbers (CASRN). But out of the multiple ingredients in the fragrance, only one was not on the
EPA’s list. Because of that one single chemical, the entire fragrance was not compliant and it is not used anymore in wax sold in
the US.
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Just to recap, we have been talking about finding chemical substances on EPA's list of approved substances, which is called the
TSCA Inventory. If a chemical is not on this list, you cannot import any products that its in or make wax here with it unless EPA
reviews and approves the chemical first.
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& PMNs are required for Manufacturers and importers

¥ PVINS must be submitted at least 90 days before
commencing non-exempt commercial activity

= EPA reviews PMNs for whether the substance presents an
unreasonable risk to human health or the environment
+ Based on conditions of use
« No consideration of cost or non-risk factors
« Must include risk to susceptible populations

= EPA issues Significant New Use Rules {SNURs) to restrict
uses of chemicals on the TSCA Inventory.

» Many TSCA SNURs are final on the or proposed to restrict
uses of PFAS chemistry

Again, the new chemical notification process applies to both manufacturers and importers. It applies to a company that
contracts with another company to make a ski wax with the contracting company’s name on it. The review process is extremely
detailed, and frequently takes longer than 90 days. Certain chemistries including PFAS chemistry raise concerns of
unreasonable risk during EPA reviews. When chemicals raise these concerns, itis difficult to get them approved and it may not
even be possible to get them approved. In other cases, their use will be highly regulated and limited as a condition of approval.
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also requires “I
if you do import ski wax instead of make it here.

# Every time ski wax is imported, EPA requires the
importer to certity that the products are 100% in
compliance with TSCA. EPA and Customs review
these records.

® By making this statement (under penalty of law}, an
importer is representing that they have checked
every substance in each product that they are
importing.

There is one additional requirement that applies to companies that import ski wax rather than make it here. Importers must
certify under penalty of law that the ski waxes they import are in compliance with TSCA. This certification has to be made every
time you import ski wax.

Later on in this presentation we will provide an example of how TSCA fines associated with multiple imports of a PFAS chemical
that is not on the TSCA Inventory can exceed the penalties associated with making the same amount of the PFAS chemistry
here in the US. This is not necessarily fair but it is a very real consequence of not staying on top of TSCA compliance if you are
an importer.
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Apply to Toxic Substances -
nes, Too!

s TSCA applies to each component in ski wax products:

* Hydrocarbon base {paraffin, microcrystailine or synthetic branched)

» Rosins, solvents, fats

» Flectrostatic/dirt repellant

+ Speed additive {fluor or non-fluore)
* Colorant {waxes are color coded)

» Fragrance
= Wax colors and fragrances, for example are mixtures
themselves

« Each one of the ingredients in a color or wax must be
independently verified as compliant with TSCA.

The name "Toxic” Substances Control Act is misleading, because TSCA applies to ALL chemicals whether they are safe or toxic.

The chemical supply chain can make TSCA verification difficult for companies down the supply chain. Many ingredients are not
just single substances. Companies often purchase mixtures from other companies under a single trade name. Upstream
suppliers may not want their customers to know everything that is in the raw material they are selling.

Let's think about this specifically in connection with what’s in ski wax. It consists of a hydrocarbon base that might be a single
chemical. However, some companies may add additional single ingredients like rosins, solvents, or fats. There is also an
additive package on top of that which includes a repellent substance, speed additive like PFAS, a fragrance and a colorant.
Many of these additives are most likely mixtures of individual chemicals.
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Check All Ingredients...Even

Non-Fluoros

ixtures...Even

# You need to know what is in all of the ski wax
products you bring into the US or make herel

# You must check 100% of ingredients in every product
imported, manufactured, or distributed in the last 5
years to confirm that they are on the Inventory or
exempt from TSCA... this includes mixture ingredients

# Ski waxes are mixtures of many substances. Ex., each
wax color contains several ingredients and each one
has to be identified.

Another misunderstanding that might be out there in the industry is that TSCA applies only to PFAS chemistry, so if your PFAS
chemical is on the TSCA Inventory the wax can be shipped and represented as TSCA compliant. By now, I hope you are starting
to understand that even though you may believe your fluorinated substances are on the TSCA list, you must review all your
non-fluorinated products and ingredients as well, to include any liquid waxes, cleaners, non-fluorinated gliders, cross country
kick waxes and klisters, every product you are selling into commerce that is not an article. The main point that needs to be
understood by wax suppliers from this part of our presentation is that 100% of EVERY product must have be reviewed and
properly documented.
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ppliers.

# |dentifying substances correctly and checking the list of
EPA-approved ingredients requires expert advice on the
accurate chemical nomenclature

¥ {ngredients are identified by:

» Chemical Abstract Service Registry Numbers {CASRN)
= Chemical Abstracts {CA) Index Names
» Need High Degree of Specificity — General Names Won't Dol
# Proprietary Ingredients — NDAs or third party assistance

= Need documentation to protect yourself

» SDSs, copies of import certifications, formulation list,
inventory check, exemption determinations, foreign supplier
assurance letters.

Our experience in working with Swix is that the EU parent company did not immediately have all of the information we needed
here to verify the TSCA compliance of all of the ingredients they purchase in Europe to make the wax that Swix USA imports.
However, we were able to explain to them what we needed, and they were extremely helpful with communications up the
supply chain to obtain the necessary information for us. Nevertheless, these communications and verification took a
considerable amount of time. Also, while it is acceptable to work with EU suppliers, records of TSCA compliance should be kept
in a central location in the United States and be sufficient to pass an EPA inspection. We will talk more about what is involved
next.
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Step to Verify TSCA Co

y-steg

» Review your Import History - 5-Year Look Back

= Ingredients in every product imported, distributed or manufactured in the
US in the past 5 years need to be checked against EPAs list.

* You are responsible for compliance during this time period even if you
have stopped selling wax products.

= 100% ingredient check
= Must be identified correctly by Chemical Name and CASRN

= Need 100% of the formulation - $DSs do not provide 100% of the
formulation in many cases.

« Communicate with Suppliers.

* CASRNs used in the EU for REACH may not be the right ones to use for
TSCA

+ ingredients may be confidential so NDA's may be reqguired
# Document
« ideally each chemical should be checked against the Inventory
= Foreign supplier assurance letters - if they are wrong so are you.

TSCA ingredient reviews are complex and require special expertise in law, chemistry, and how EPA names chemicals on the
TSCA Inventory list. Companies put themselves at a significant disadvantage if they respond to EPA information requests or
take steps themselves to determine TSCA compliance without getting expert help. Itis not EPA’s job to teach you the rules. Itis
your responsibility to know the rules. If EPA contacts you and finds out you are not in compliance, they are required to follow
through with an enforcement action.
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= |f a substance is NOT on the EPA’s approved list, you must
STOP importing, manufacturing, distributing.

= Knowingly doing so after that point exposes you to
criminal enforcement by the federal government.

= |f you stop voluntarily you are still liable for up to 5 years
of prior non-compliance

¥ |f you want to continue to sell, you need to tell EPA and
get agency approval first.
» EPA has a self-audit policy for voluntary disclosures that you might

be able to use, but only if they have not already contacted you
with a subpoena or an inspection notice.

We strongly recommend that you get advice about the potential for supply chain disruption and how to manage this before you
start down the road of verifying the status of 100% of the ingredients you use or import. There are ways to minimize the
impacts of a TSCA audit on downstream customers before the audit begins. These options may no longer be available once you
know you have a problem. Once you know that a substance is not (READ SLIDE).

Now Tala and Tracy will provide more details on EPA's review of PFAS chemicals and what to expect from the EPA enforcement
activity targeting ski wax products
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Tracy Heinzman

Wiley Reln LLP
202-719-7106

THeinzman @wileyrein.com
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Who enforces?

Who is potentially liable?
How are violations discovered?

EPA’s enforcement mechanisms -- civil penalties;

criminal liability and other actions
Hypothetical import violation scenario
Notable cases
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EPA Coordinates Enforcement Through 10 Regional
Offices and
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# The EPA is an enforcement agency, not an
educational agency. It's your responsibility to be
100% positive, that every substance, in every wax
and product is compliant.

® You should know whether you are in compliance
before importing and distributing your products.

® |f you wait until EPA starts investigating, you will only
make any potential violations worse

As a wax supplier you SHOULD have in your belongings, files for each product, broken down by substance in your product, with
certified CAS numbers for each substance. And if there are mixtures, each mixture must be broken down by substance and
each substance must have a CAS number that is cross referenced to the EPA TSCA Substance Approved list. And it is not just for
toxic substance like fluorocarbons, it's for all substance. (At this point you can tell them about the red dye story, 19 substance
made up our red dye in the Swix CH8 product and Norway was buying this dye as a mixture from their supplier in Italy. Norway
didn’t know this, until now.

The main point that needs to be understood by the wax suppliers: It's important for the wax suppliers to know that in many
cases, the parent company probably will not have all this information readily available so they need to obtain it, verify it
(preferably with their legal counsel) and have in their possession. And they can not take the parents companies word for it, They
must get verification from the suppliers (chemical companies) who are selling the chemicals to them, this is essential.
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® Inspections

» Subpoenas
= EPA has broad authority under TSCA to issue subpoenas 1o collect
information about products and the chemical substances
contained in them,
* Responding to a subpoena is MANDATORY

— EPA is authorized to seak civil monetary penalties of up to $39,873 per
day for failing or refusing to respond and submit information requested
by a subpoena.

- You may be fined or imprisoned for up to & years for “knowingly or
willingly” {1} falsifying, concealing or covering up factual information;

QR {2} for making material false statements or representations to EPA
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are vio disco

vere

# Subpoenas — Special Declaration

“t certify under penalty of law that | have personally examined aond
am familiar with the information submitted in this document
{response to EPA subpoenag) and all documents submitted herewith;
thot to the best of my knowledge and belief; the submitted
information is true, accurgte and complete; and that all documents
submitted herewith are complete gnd authentic, uniess otherwise
indicated. | om aware that there are significant penalties for
submitting false information, including the possibility of a fine or
imprisonment.”

w DONOTTRYTOREPLY TO A SUBPEONA WITHOUT LEGAL
COUNSEL
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® For chemical substances or products containing
chemical substances in mixtures that are found not to
be compliant with TSCA:

Importer
Processor/Manufacturer in the U.S.

w For retailers and distributors {if not importing) it
depends on the facts of the situation.

ED_005294A_00000410-00048



» Importer/distributors and companies that make ski
wax in the US are responsible for compliance to the
same degree as a US chemical manufacturer.

# For each shipment of chemical substances imported
into the US, importers must certify that the products
contained in the shipment are %100 TSCA compliant.

® Every time you import, you certify that your products
are TSCA compliant!
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Toxic Substance Controt Act

Date:

Waybill of refersnce number:

Gheck only one

Positive Certification

HE 4 H [} oty that ol chesisal sustanes i this shipraen comply it il applcable e o neder oer
@ ? g g @ 3 g @ ﬁ { 7864 3nd that | am not offering a chamical substancs for eniry in visistion of TSCA or any applicabio
rule or orcer thereundsr.

or

Hegative CerBification

L] 1 cartfy that alt chemicals it this shipment are not subject to TSCA,
Company name:

Cempany address.

Sentfior nama:

Certifier fitle:

Certifiet phone nurmber.

Tertifior amail addresse:

Genfier signature:

Froduct deacsiption
%

2

if the certifier is unsure if their chewiical substance is subject to TI50A compliance, contact the Environmenta!
Bratection Agency, T8TA Assistance Office at © 202 554 1404 between 8:36 am. and 500 p.rm

ey
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Certification
ror

Toxic Substance Controt Act (TSCA) Certification
Date:

Waybill of refersnce number:

Gheck only one
Positive Cerfification

{7} $ortity that al chemisal shstanses in ihis shiprment comply vith a0 ap
! TSCA 3R that | am not offering a chemical substanca for entry in v
rule or orcer thereundsr.

or
Hegative CerBification

1 cattify that all chemicals i this shipment are not subject to TSCA,

licable wies oF orders under
jon of TSCA of any applicable

Check only one

Positive Certification

A,

| certify that all chemical substances in this shipment comply with all applicable rules or orders under
TSCA and that | am not offering a chemical substance for entry in violation of TSCA or any applicable
rule or order thereunder.

U

or

if the certifier is unsure if their chewiical substance is subject to TI50A compliance, contact the Environmenta!

Bratection Agency, T8TA Assistance Office at © 202 554 1404 between 8:36 am. and 500 p.rm

ey
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# Civil Monetary Penalties

= Criminal Penalties — Fines and/or Imprisonment
# Seizure of Products

# Injunctions

# Other Sanctions by Customs and Border Patrol
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w EPA can seek civil penalties for violations dating back
5 years.
# Maximum Civil Penalty: $39,873 (per violation)
* For certain types of violations — the penalty is “per day” of
violation.
8 Maximum Criminal Penalty: {for “knowing and
willful” violations:

= Lp to 550,000 per violation {per dav) or imprisonment for
up to 1 vear, or both.
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w EPA follows an “Enforcement Response Policy” to
calculate civil penalties for violations.

# Complicated calculation based on a number of
factors:
# Type or Category of Violation
# Circumstances — Level 1 or Level 2
m Extent ~ Maijor, Significant or Minor

# EPA determines a “gravity based” penalty, which is
then adjusted for inflation.
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# The “gravity based” penalty is multiplied by the
number of violations
= Viplations can be “per day” or “one-day”
® Further adjustments can be made for;
» Voluntary Disclosure — Decrease by 15% 10 25%
* Attitude - Increase or Decrease by 15%
» History of Prior Violations — Increase depending on type of

prior violation
» Culpability — Decrease up to 25% depending on factual
circumstances
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® For over 5 years, Ski Wax World has imported a
product that includes an ingredient that is not in
compliance with TSCA. To meet seasonal demand,
Ski Wax World imports 15 shipments into the United

States every year. All shipments come into the
United States through the same Port of entry.
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45 Violation
{Chemical Substance
not on Inventory}

539873 -57.778

£13 Violation
Umport certification
is wrong:

$39,873 - 57,778

&5 Violation Penalty Range
+ §13 Violation Penalty Range

5 Years of
Shipments

Total Range Per Year
$1,196,190 - $233,340

15 shipments 5598 D45 - 5116 670

15 shipments 8508 095 - $116,670

Total Range Par Year
51,196,190 — $233,340

Total Penalty Range
$5,980,950 - 51,166,700
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Cases -

Wilhemsen Ships Services, TSCA-HQ-2017-5006
* Penalty = $1,300,000 (at settlement)

« 135 imports from 2012 to 2016 of products with chemical
substances not in compliance with TSCA

» Section 8 Reporting violations
» Total violations = approximately 289
* Proposed penalty = approx. §7,000,000
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Cases -

s Bethlehem Apparatus Company, TSCA-HQ-2012-
5016
» Penalty = $103,433 (at settlement)

« 29 imports without proper certifications for individual
shipments.

« Export notification and reporting violations.
* Proposed penalty unknown.
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# EPA has a voluntary self-disclosure policy that
eliminates the potential for civil monetary penalties
if certain conditions are met.

# You have 21 days from the time of discovery to
disclose the violation to EPA.

w Importantly, vou must disclose a violation before
getting o subpoena from EPA and vou must
promptly correct any violations in order to gualify.

Industry Misunderstanding: If I call up the EPA and tell them that I think I'm in violation, then I am relieved of my liability and
cannot be at fault.

WR Message: To be relieved of a penalty or criminal action against you, you must complete a self-disclosure application. This
will protect you from a subpoena but you may still be issued a fine. But very important, once you submit a self-disclosure
application, you must then show proof to the EPA that you are or were not in compliance with TSCA and you have violated the
law. EPA will decide to what extent to penalize you and you must cease to sell and distributor/importer/manufacturer wax and
cleaners moving forward.
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# Concerns about PFAS not going away

# Many products that are active in commerce may not
be in compliance.

w {f EPA is investigating your business, the government
is obligated to fine vou and make vou stop selling
non-compliant nrocucts.

= Do what is necessary to be compliant. The risks and
costs of non-compliance are too high to ignore.
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Tala Henry

Deputy Director

EPA Office of Chemica! Safety
and Pollution Prevention
202-719-7106

Martha Marrapese
Wiley Rein LLP
27197150
Mbartapese@wileyreincom

Nick Sargent
Soowaports Industiies America
nicksagent@snowsparisarg

Tracy Helnzma
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For copies of |
itional questions a
ease contact:

Chris Steinkamp

Director, Marketing &
Communications

SnowSports industries America
. 303.815.2057

csteinkamn @ snowsnors.org
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TOXIC SUBSANCES CONTROL ACT (TSCA) & PFAS

Tala Henry, PhD
Doty Divector for Programs
Office of Poliution Frevention and Toxics
L5, Ernvironmmental Protection Agency

Prasentation o
SnowSports Industries of Amerloa &
Witey Rein, LLC
Sendomber 26, 2019

This prsserdation s o g complancs with 1508
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TSCA: New Chemicals
»  TSCA Section 2(b)(3):

»  Authority over chemical substances and mixtures should be
exercised in such a manner as not fo impede unduly or create
unnecessary economic barriers to technological innovalion.

»  While fulfilling the primary purpose of this Act to assure that
such innovation and commerce in such chemical substances and
mixtures do nol present an unreasonabile risk of injury o heallth
o the environment,
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Overview of New Chemicals Program

«  Funclions as a "gatekeeper” to help manage the potential risi to human health and the
ervironment from chemicals new 1o the marketplace,

«  Anyore who plans to manufacture (o import) & new chernical substance must provide ERPA with notice
- & Premanufacture Notice (PMN)

» EPA must review and evaluate new chemicals {or significant new uses of existing chemicals) and makes
an affirmative finding before those chemicals can enter the markst

«  Review rrust be complated within 20 days, with ability b exdend 30 days

«  [frisks are identified, EPA mustimpose restrictions or prohibitions on the manufacturing, processing or
use of the chemical to ensure the risks are mitigated
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Exemptions from P

Exemption Application Not Beguired for:

®

®

«

SBubmission of Exemplion Application Required:

«

@

®

«

@

For all exemption applications, EPA assesses whether the manufacture, processing, distribution in
cormmerce, use or disposal of the substance will present an unreasonable risk to human health or
the envirorment,

&

RBRD Chernicals

Exempterd Polymears of Low Convern (only annual reporting:

Low Volurne (10,000 Kg/vr) - 30 Day Review

Low Redeass/Exposure (LOREX - 30 Doy Review

Test Market Exemption {TME} ~ 45 Day Reviaw

TSOA Experimartal Release Application ~ 80 Day Review

Fher | and Tier 2 Biotechnobogy Exempltions
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ew Chemical Assessments

«  New chemicals determinations are made using a risk
hazard and exposureg, under the substances condi
foreseern .

-based approach, taking into account both

«  EPA assesses health and ervdronmmental hazards and exposures to:
«  muitiple populations of humans: workers, consumers and general population, including
susceprible subpopuiations, 2.0, different age groups of the general population)
«  the enwvironment {e.¢., primarily aguatic ervironment ).

«  Dals required to be submitted with a new chemical (PMNS under TSCA is Timited:
«  Detalls about how the chemical with be manufaciured, processed and used
«  Only test data {e.g., fate tests, toxicity tesls, ete) that already exdists; no new testing is
required 1o be conducted for the submission.

«  Thersfore, EPA relies on predictive assessment methods, databases, and tools and modsls to
syaiuate chemicals throughout thelr Hfeoydle, e, manufacture, processing, distribution, use and
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Types of Determinations under TSCA Section 5
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Significant New Use Rules (8NURs)

« A SNUR s a rule that identifies a polential new use of a chemical as a “significant new
se,”

= A manufacturer or processor intending o commence  significant new use must first
submit to EPA & Significant New Use Notice (SNUN), and EPA must review and approve
the use descaribed in the SNUN before the company may commence manufacture or
DrOCessing.

o TSCA authorizes BRA o propose or issue a SHNUR for & chemical substance at any time,
including during review of a section 5 notice for the chemical substance.
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PFAS Activities under TSCA
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What are PFAS?

e Per- and polyfiuoroalky! substances {(PFAS) are a group of man-
magie chemicals that have been in use since the 1940s.

e There are many PFAS chemicals, including the chemicals
perflucrooctancic acid {PFOA), perfluorooctane sulfonate

(PFOS), and GenX chemicals {HFPO dimer acid and its
potassium salt).
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What are PFAS?

¢ Due to their strong carbon-fluorine bonds, many PFAS
can be very persistent in the environment with
degradation periods of years, decades, or longer
under natural conditions.

e Two of the most studied PFAS are Perfluorooctanoic
Acid {PFOA} and Perfluorooctane Sulfonate {PFOS).
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Where are PFAS found?

e PFAS are {or have been) found in a wide array of consumer
products like cookware, food packaging, and stain and water
repellants used in fabrics, carpets and outerwear,

e PFAS manutacturing and processing facilities, and airports and
military installations that use firefighting foams which contain
PFAS,
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PFAS and T8CA

» 1,223 PFAS chemicals have been identified as being on the T5CA
Inventory historically.

»  There are 604 PFAS chemicals reported as active in commerce in the
ten years prior to June 22, 2016.
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PFAS and T8CA

TSCATOOLS

Manage

2010/15 Altarnatives Significant Toxics TRCA Section

PEO&X ;1‘49‘@ Now Uss Redegng 5 as Potentsl

Steawmrdship Chemieale Rides imantory Toal forRisk

Prosram . {SBELIRG (TR Matsgement
Program
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PFAS and T8CA

«  PFOS Phasaout

«  ERA worked with industry to phase out production of PFOS and related chemicals bebween
2000 to 2002

« ROLO/20LE PFOA Stewardship Program

« I 2006, EPA In cooperation with elght major companies that manufactured and/or processed
long-chain PFAS, launched the 201072015 PFOA Stewardship Program with the goal of
eliminating long-chain PRAS from ermissions and produdts by 2015

+  Arkerna, Asahi Glass Company, BASF Corporation (formerly Ol Specialty Chemicals
Corporation), Clariant, Daikin, 3M/Dvneon, Chemours {formerly DuPont), and Sohay Solis

« Al participating companies have met the PFCA Stewardship Program goals

+ Some companies that were not part of the PROA Stewardship Program continue (o
producefimport and use PROA and other long-chain PFAS that were phased out by others under
the program
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PFAS and T8CA

«  THCA Activities for Existing PFAS Chemicals
20020 SNUR on 13 perflucroalky! sulfonate chemicals (67 FR 11008}
« 2002 SNUR on 75 perflucroalioy! sulfonate chemicals (67 FR 72854}

« 2003 Enforceable Consent Agreasment (ECA) Process (B8 FR 18626 to develop «ata on use
and production, expasure, toxicity, pharmacokinetics, and monitoring on long-chain PFAS

« 2007 SNUR on 183 perfluorcaliey! sulfonate chemicals (72 FRE7Z22)

« 2010 Premanufacture Notificetion Exemption for Polymers: Amendment of Polymer
Exemption Rule to Exclude Certain Perfluorinated Polymers (75 FR 4295) revoling PFAS
pobymers from exemption under the polvmer exernption mils

« 20130 SNUR on long-chain perflucroaliy! carboylate chemical substances (LOPFAC) as part of
carpets or carpet treatment products (78 FR 62443)

« 2045 Proposed SNUR on LOPFAC and perflucroalioyl sulfonate chemicals (80 FR 2885 to
- d ; -

The significant new uses for perfluoroalkyl sulfonates in the 2002 and 2007 SNURs (CFR 8721.9582):

Any manufacture or import for any use

Manufacture or import for the following specific uses is not considered as a significant new use subject to reporting (because
these are ongoing uses and therefore not “new”):

Use as an anti-erosion additive in fire-resistant phosphate ester aviation hydraulic fluids

Use as a component of a photoresist substance, including a photo acid generator or surfactant, or as a component of an anti-
reflective coating, used in a photomicrolithography process to produce semiconductors or similar components of electronic or
other miniaturized devices

Use in coating for surface tension, static discharge, and adhesion control for analog and digital imaging films, papers, and
printing plates, or as a surfactant in mixtures used to process imaging films

Use as an intermediate only to produce other chemical substances to be used solely for all of the uses listed above
Manufacture or import of tetraethylammonium perflucrooctanesulfonate (CAS No. 56773-42-3) for use as a fume/mist
suppressant in metal finishing and plating baths (e.g., hard chrome plating; decorative chromium plating; chromic acid
anodizing; nickel, cadmium, or lead plating; metal plating on plastics; and alkaline zinc plating)

Manufacture or import of a few perfluoroalkyl sulfonates for use as a component of an etchant, including a surfactant or fume
suppressant, used in the plating process to produce electronic devices

The significant new uses for LCPFAC in the 2013 SNUR (CFR §721.10536}):

Manufacture (including import) or processing for use as part of carpets or to treat carpets (e.g., for use in the carpet aftercare
market)

Manufacture (including import) or processing of CAS No. 68412-68-0 and CAS No. 68412-69-1 for use as a surfactantin
aftermarket carpet cleaning products is not be considered a significant new use subject to reporting
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PFAS and T8CA

= In 2015, EPA published the proposed SNUR on LCPFAC o ensure that LOPFAC
chemicals that have been phased out under the 201072015 PFOA Stewardship
Frogram do not re-enter the marketplace without review

« EPA intends to issue a supplemental SNUR for the import of certain
LOPFAL chemical substances as part of cateqories of certain articles
following changes to THUA brought sbout by the Frank R, Lautenberg
Chemical Safety for the 21st Century Ach in June 2016 (RIN 2070-A1D90)
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Action Plan Background

e EPA convened a two-day Netional Leadership Summit on PFAS in
Washington, [LC

s Following the Summit, the agency hosted a series of visits during the
summer of 2018 In communities directly impacted by PFAS where EPA
interacted with more than 1,000 people.

s  The EPA's PFAS Action Plan was developed based on feedback from these
events in addition to information received from approdmately 120,000
comments submitted to the public docket.
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Action Plan Purpose

s Provides EPA's first multi-media, multi-program, national research,
management and risk communication plan to address a challenge like
PFAS,

& Responds to the extensive public Input the agency has recelved over the
past year during the PFAS National Leadership Summit, multiple
community engagements, and through the public docket.

e Asa result of this unprecedented outreach, the Action Plan provides the
necessary tools to assist states, tribes, and communities in addressing
PEAS,
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Highlighted Actions

s The EPA is committed to following the MCL rulemaking process as established by
SDWA for water treatment and EPA will propose nationwide drinking water
monitoring for PRAS under the next UCMBR monitoring cyce.

s The EPA is initiating the regulstory development process for listing certain PFAS as
hazardous substances.

s The FPA is rapidly expanding the scientific foundation for understanding and
managing risk from PFAS.

s The EPA uses enforcement tools, when appropriate, to address PFAS exposure In
the environment and assist states in enforcement activities,

ED_005294A_00000411-00020



Highlighted Actions
Touics

e  The EPA is considering the addition of PFAS chemicals to the Toxics Release
Inventory

s EPAis issuing a supplemental proposal to guard against the unreviewed
reintroduction and new use, through domestic production or import, of
certain PFAS chemicals In the United States.

The ERPA will provide updates on actions outlined in the plan on the Agency's
wehsite,
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Message

From:
Sent:
To:

Subject:

Attachments:

Hi All,

Ann Tveit [ann.tveit@basf.com]

7/29/2020 9:47:34 PM

Stephanie Snyder [stephanie.snyder@covestro.com]; Stedeford, Todd [Stedeford. Todd@epa.gov]; Sahar_Osman-
Sypher@americanchemistry.com; Hayes, Michael [hayes.mp@pg.com]; Ladics, Greg [gregory.s.ladics@dupont.com];
Ogden, Julianne [Julianne_Ogden@americanchemistry.com]; Irwin, William [lrwin.William@epa.gov];
Rick_Becker@americanchemistry.com; Henry, Tala [Henry.Tala@epa.gov]; Owen Price [oprice@ara.com]; Salazar,
Keith [Salazar.Keith@epa.gov]; Jarabek, Annie [Jarabek.Annie@epa.gov]

RE: draft lung overload manuscript 27 July 2020.ver.4

Draft manscript insoluble polymers and lung overload - 27 July 2020.ver.5.docx

EX.

5 Deliberative Process (DP)
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Ex. 5 Deliberative Process (DP)

Ann Tveit Ph.D., D.AB.T.
Toxicology Manager

Phone: +1 873 245-5527, Mobile:i & Porsonal Privacy (°F) pesona phone EEmaiI: ann.tveit@basf.com
Postal Address: BASF Corporation, 2B662, 100 Park Avenue, 07932 Florham Park, USA

We create chemistry

BASF Corporation

From: Stephanie Snyder <stephanie.snyder@covestro.com>

Sent: Wednesday, July 29, 2020 1:37 PM

To: Stedeford, Todd <Stedeford. Todd@epa.gov>; Sahar_Osman-Sypher@americanchemistry.com; Hayes, Michael
<hayes.mp@pg.com>; Ladics, Greg <gregory.s.ladics@dupont.com>; Ogden, Julianne
<Julianne_Ogden@americanchemistry.com>; Ann Tveit <ann.tveit@basf.com>; Irwin, William
<lrwin.William@epa.gov>; Rick_Becker@americanchemistry.com; Henry, Tala <Henry.Tala@epa.gov>; Owen Price
<oprice@ara.com>; Salazar, Keith <Salazar.Keith@epa.gov>; Jarabek, Annie <Jarabek.Annie@epa.gov>

Subject: RE: draft lung overload manuscript 27 July 2020.ver.4

Hi Todd,

The comments are contained in the attached version. Ex. 5 Deliberative Process (DP)
Ex. 5 Deliberative Process (DP)

Thanks,
Staphanie

From: Stedeford, Todd [mailto:Stedeford. Todd@epa.gov]
Sent: Wednesday, July 29, 2020 5:58 AM
To: Sahar Osman-Sypher@americanchemistry.com; Hayes, Michael; Ladics, Greg; Ogden, Julianne; Stephanie Snyder;
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Tveit, Ann; Irwin, William; Rick Becker@americanchemistry.com; Henry, Tala; Owen Price; Salazar, Keith; Jarabek, Annie
Subject: draft lung overload manuscript 27 July 2020.ver.4

All,

Here is the latest draft with comments/edits | received yesterday from Stephanie and from EPA. | kept the edits in track
changes. Note, | also added some conclusions, which need review/editing. We can review this draft during our call today
at 1 pm. If any of you have additional edits/comments, please keep them coming. | will continue to update as | receive

them.

Thanks,

Todd
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Polymer Lung Overload Category: The Application
of New Approach Methodologies (NAMs) for
Assessing Inhalation Risks under the Amended

Toxic Substances Control Act

Todd Stedeford®”, Gregory S. Ladics®, Owen Pricet, Annie Jarabek?, Ann Tveit®, Michael P.
Hayes', Raphael Tremblay/, Stephanie A. Snydert, Keith Salazar, Sahar Osman-Sypher’, William

Irwin®, Marc Odiw, Julie Melie/, Heather Carlson-Lynch/, and Tala R. Henry”

2 Oftfice of Pollution Prevention and Toxics, Otfice of Chemical Safety and Pollution Prevention,
U.S. Environmental Protection Agency, Washington, DC 20460, United States

b Dupont Nutrition and Biosciences, Wilmington, Delaware 19803, United States

¢ Applied Research Associates, Inc., Arlington, Virginia 22203, United States

4 Health & Environmental Effects Assessment Division, Center for Public Health &
Environmental Assessment, Office of Research and Development, U.S. Environmental
Protection Agency, Research Triangle Park, North Carolina 27711, United States

¢ BASF Corporation, Florham Park, New Jersey 07932, United States

FProctor & Gamble, Company, Inc., St. Bernard, Ohio 45217, United States; Temselaan 100,
1853 Strombeek-Beaver, Belgium

& Covestro LLC, Pittsburgh, Pennsylvania 15205, United States

[PAGE ]
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b Risk Assessment Division, Office of Pollution Prevention and Toxics, Office of Chemical
Safety and Pollution Prevention, U.S. Environmental Protection Agency, Washington, DC
20460, United States

! American Chemistry Council, Chemical Products and Technology Division, Washington, DC
20002, United States

3SRC, North Syracuse, NY 13212, United States

KEYWORDS: Inhalation, Lung Overload, New Approach Methods, Particle Toxicity, Risk

ABSTRACT

Poorly soluble and non-reactive high-molecular weight (HMW) polymers (>>10,000 Daltons)
represent a generic category of substances that are extensively used in industrial and consumer
applications (e.g., plastics). Under the amended Toxic Substances Control Act (ISCA), HMW
polymers may qualify for an exemption from the pre-notification requirements that exist for
polymeric, new chemical substances. However, for HMW polymers that do not meet the
exemption criteria and are produced in a respirable form (e.g., powders), the U.S. Environmental
Protection Agency (EPA) will evaluate hazards and risks of these substances for lung overload.
In the present evaluation, a systematic review of the literature was performed to identity studies
that would aid with defining key properties for determining whether respirable HMW polymers
may present an unreasonable risk to human health. These properties included: respirability,

reactivity, and solubility and were used for detining the inclusion/exclusion criteria for a

[PAGE ]
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chemical category on HMW polymers. Available inhalation toxicity studies for HMW polymers
were evaluated and dosimetric adjustments used to derive human equivalent concentrations for
several-a toxicological analogues that san-mmay be used in risk assessments on these substances.
Finally, a tiered-testing strategy that maximizes the use of non-vertebrate testing (i.e., NAMs)
was developed that may be used to evaluate newer chemistries to determine whether they fit
within the chemical category of HMW polymers that may present a lung overload hazard or for

refining risk estimates for such chemical substances.

INTRODUCTION

The Frank R. Lautenberg Chemical Safety for the 21% Century Act was signed into law on June
22 2016, thereby amending the Toxic Substances Control Act (TSCA), the nation’s primary
chemicals management law for regulating new and existing chemical substances. The
amendments to TSCA placed new requirements on the U.S. Environmental Protection Agency
(hereinafter “EPA” or the “Agency”) to reduce and replace vertebrate animals in testing of
chemical substances, to the extent practicable and scientifically justified, and requires EPA to
make one of the following five determinations for new chemical substances, based on

unreasonable risk, sufficiency of information, and exposure:

1. The new chemical substance or significant new use presents an unreasonable risk of
mjury to health or the environment (TSCA §5(2)(3)(A));

2. The available information is insufficient to allow the Agency to make a reasoned
evalnation of the health and environmental effects associated with the new chemical

substance or significant new use (TSCA §5(a)(3)(B)(1));

[PAGE ]
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3. In the absence of sufficient information, the new chemical substance or significant
new use may present an unreasonable risk of injury to health or the environment
(TSCA §5()(3)BYand));

4. The new chemical substance is or will be produced in substantial quantities and either
enters or may enter the environment in substantial quantities or there is or may be
significant or substantial exposure to the new chemical substance (TSCA
§5()(3)(B))ID)); or

5. The new chemical substance or significant new use is not likely to present an

unreasonable risk of injury to health or the environment (TSCA §5(a)(3)(C)).

For findings of unreasonable risk, EPA is required to take risk management actions (e.g., consent
orders with testing requirements, restrictions on manufacturing, processing, use, disposal, efc.) to
address unreasonable risks before a company may commence manufacture or processing of the

new chemical substance.

EPA reviews all data submitted with a new chemical substance notification; however, unlike
laws with prescribed, “up-front” testing requirements (e.g., Federal Insecticide, Fungicide, and
Rodenticide Act), the data requirements for new chemical substance notifications are limited to
health or environmental effects in the possession or control of the entity submitting the new
chemical substance notification | ADDIN EN.CITE

<EndNote><Cite><Author>EP A</Author><Year>2020</Y ear><RecNum>3 1</RecNum><Dis
playText>[1]</DisplayText><record><rec-number>3 1 </rec-number><foreign-keys><key

app="EN" db-1d="xs0a9%0va7aastwexSaev0dvyp0Ot59staSdae"
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timestamp="1595768685">3 1 </key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>EPA</author></authors></contributors><titles><title>4
0 CFR § 720.50 - Submission of test data and other data concerning the health and
environmental effects of a substance</title><secondary-title>Code of Federal
Regulations</secondary-title></titles><periodical><full-title>Code of Federal
Regulations</full-title></periodical><dates><year>2020</year></dates><pub-
location>U.S.</pub-location><urls><related-
urls><url>https://www law.cornell. edu/ctr/text/40/720. 50</url></related-

urls></urls></record></Cite></EndNote>].

EPA has historically used various approaches to evaluate the potential hazards of new chemical
substances including theuse-sf computational toxicology models and analogue and category
approaches to “read-across” from existing data to new chemical substances for various requisite
extrapolations. EPA’s TSCA New Chemicals Program (NCP) developed 56 chemical categories
(hereinafter the “NCP Chemical Categories™) based on specitic shemisat-definitions and
boundaries that summarize the hazard concerns (e.g., human health or environmental toxicity)
and recommend testing that-mav-be-cenducted-prior to submitting a new chemical substance
notification | ADDIN EN.CITE

<EndNote><Cite><Author>EP A</Author><Year>2010</Year><RecNum>32</RecNum><Dis
playText>[2]</DisplayText><record><rec-number>32</rec-number><foreign-keys><key
app="EN" db-1d="xs0a9%0va7aastwexSaev0dvyp0Ot59staSdae"
timestamp="1595769245">32</key></foreign-keys><ref-type name="Journal Article">17</ref-

type><contributors><authors><author>EP A</author></authors></contributors><titles><title>T

[PAGE ]
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SCA New Chemicals Program (NCP) Chemical Categories</title><secondary-title>Otfice of
Pollution Prevention and Toxics, U.S. Environmental Protection Agency, 1200 Pennsylvania
Ave., NW, Washington, DC 20460</secondary-title></titles><periodical><full-title>Office of
Pollution Prevention and Toxics, U.S. Environmental Protection Agency, 1200 Pennsylvania
Ave., NW, Washington, DC 20460</full-
title></periodical><pages>https://www.epa.gov/sites/production/files/2014-
10/documents/ncp_chemical categories_august 2010 version_0.pdf</pages><dates><year>201

O</year></dates><urls></urls></record></Cite></EndNote>].

community on the potential concerns that EPA mway have for hazards of specific chemistiies or

phyvsical properties

ies, the NCP Chemical Categories were
developed prior to the enastment-ofthe-amendments to TSCA, and therefore, do not reflect

vertebrate testing reduction goals. For example, the testing strategy in the NCP Chemical

Categories document for respirable, poorly soluble particulates! includes
testing-such-as-a 90-day subchronic inhalation toxicity study in rats with a 60-day recovery
period [ ADDIN EN.CITE

<EndNote><Cite><Author>EP A</Author><Year>2010</Year><RecNum>32</RecNum><Dis

playText>[2]</DisplayText><record><rec-number>32</rec-number><foreign-keys><key

! BPA identified particles as “respirable” to humans “if there are any particles <10 u[m]in
diameter in the material being handled by workers” and included “poorly soluble” compounds
citing 1LSI (2000) [36].
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app="EN" db-id="xs0a90va7aastwex5aevOdvypOtS9staSdae"
timestamp="1595769245">32</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>EP A</author></authors></contributors><titles><title>T
SCA New Chemicals Program (NCP) Chemical Categories</title><secondary-title>Ottice of
Pollution Prevention and Toxics, U.S. Environmental Protection Agency, 1200 Pennsylvania
Ave., NW, Washington, DC 20460</secondary-title></titles><periodical><full-title>Office of
Pollution Prevention and Toxics, U.S. Environmental Protection Agency, 1200 Pennsylvania
Ave., NW, Washington, DC 20460</full-

title></periodical><pages>https://www epa.gov/sites/production/files/2014-
10/documents/ncp_chemical categories_august 2010 version_0.pdf</pages><dates><year>201
O</year></dates><urls></urls></record></Cite></EndNote>]. Further, the NCP Chemical

Categories cover the-defined boundaries defined thereinand therefore may not refleet

develepment-ofinclude alternative chemistries that are infended to replace a chemical in the do

potHitwathinthe-current NCP Chemical Categories;-evesn-forchemicals-that the-alternative

s¢ (e.g., the use of polymeric alternatives to replace monomeric

forms of existing chemical substances).

Based on the Agency’s experience gained by reviewing over 12,000 polymers, EPA has also

developed exemption criteria for specific tvpes of polvmeric substances, based on its findings

that they “will not present an unreasonable risk of injury to luman health or the environment
under terms of the exemption”;-forspecific-types of polymene substanses | ADDIN EN.CITE
<EndNote><Cite><Author>EP A</Author><Year>1995</Y ear><RecNum>34</RecNum><Dis

playText>[3]</DisplayText><record><rec-number>34</rec-number><foreign-keys><key
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app="EN" db-id="xs0a90va7aastwex5aevOdvypOtS9staSdae"
timestamp="1595770530">34<Vkey></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>EPA</author></authors></contributors><titles><title>P
remanufacture Notification Exemptions; Revisions of Exemptions for Polymers; Final
Rule</title><secondary-title>Federal Register</secondary-title></titles><periodical><tull-
title>Federal Register</full-title></periodical><pages>16316-
16336</pages><volume>60</volume><number>60</number><dates><year>1995</year></dat
es><urls></urls></record></Cite></EndNote>]. New chemical substances meeting these criteria

are exempt from the new chemical substance notification requirements, although there are still

EN.CITE

<EndNote><Cite><Author>EP A</Author><Year>2020</Year><RecNum>35</RecNum><Dis
playText>[4]|</DisplayText><record><rec-number>35</rec-number><foreign-keys><key
app="EN" db-id="xs0a9%0va7aastwexSaev0dvypOtS9staSdae"

timestamp="1595770827">3 S</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>EPA</author></authors></contributors><titles><title>4
0 CFR § 723.250 - Polymers</title><secondary-title>Code of Federal Regulations</secondary-
title></titles><periodical><tull-title>Code of Federal Regulations</full-
title></periodical><pages>https://www.law.cornell. edw/ctr/text/40/723.250</pages><dates><ye

ar>2020<year></dates><urls></urls></record></Cite></EndNote>].
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established three polvmer exemption types, designated as E1, E2, and
E3. The general criteria for new ehermeal-polymer substances meeting these exemption types for

polymers-are shown in [ REF _Ref46665925 \h \* MERGEFORMAT |.

[PAGE ]

ED_005294A_00000413-00009



Table [ SEQ Table \* ARABIC }. EPA’s exemption criteria for new chemical substances meeting the regulatory definition of a polymer.

ab

Numbe
I
averag
Oligome
e
Exempti ric
molecu Functional Groups (FGs) and Functional Group Equivalent Weight (FGEW) Content
on Type Material
lar
Criteria
weight
(NAM
)
<10
wt%
1.000 < | below Low concern FGs:© no limit
NAM 500 Moderate-concern FGs: FGEW > 1,000
El
W< Daltons | Moderate-concern FGs + High concern FGs: FGEW compined > 5,000
10,000 | <25 High-concern FGs: FGEW > 5,000
wt%
below
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1,000

Daltons
<2 wt%
below
500
NAM
Daltons
E2 W > No FG restrictions
<5 wit%
10,000
below
1,000
Daltons
Polyesters made from one or more of the reactants listed in Table 1 of 40 CFR § 723.250(e}3) [ ADDIN EN.CITE
<EndNote><Cite><Author>FPA</Author><Y ear>2020</Year><RecNum>35</RecNum><Display Text>[4]</DisplayText><r
ecord><rec-number>35</rec-number><foreign-keys><key app="EN" db-id="xs0a90va7aasfwexSaevOdvyp0t59staSdae"
timestamp="1595770827">3 5</key></foreign-keys><ref-type name="Journal Article">17</ref-
No
E3 No limit | type><contributors><authors><author>EPA</author></authors></contributors><titles><title>40 CFR § 723.250 -
limit

Polymers</title><secondary-title>Code of Federal Regulations</secondary-title></titles><periodical><full-title>Code of
Federal Regulations</full-
title></periodical><pages>https://www.law.comell.edu/cfr/text/40/723.250</pages><dates><year>2020</year></dates><urls>

<Arls></record></Cite></EndNote>]
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2 See 40 CFR § 723.250(b) Polymers. “Polymer means a chemical substance consisting of molecules characterized by the sequence of one or more types of
monomer units and comprising a simple weight majority of molecules containing at least 3 monomer units which are covalently bound to at least one other
monomer unit or other reactant and which consists of less than a simple weight majority of molecules of the same molecular weight. Such molecules must be
distributed over a range of molecular weights wherein differences in the molecular weight are primarily attributable to differences in the number of monomer
units. In the context of this definition, sequence means that the monomer units under consideration are covalently bound to one another and form a continuous
string within the molecule, uninterrupted by units other than monomer units.” [ ADDIN EN.CITE
<EndNote><Cite><Author>EPA</Author><Year>2020</Year><RecNum>35</RecNum><DisplayText>[4]</Display Text><record><rec-number>35</rec-
number><foreign-keys><key app="EN" db-id="xs0a90va7aasfwexSaev0dvyp0t59staSdae” timestamp="1595770827">35</key></foreign-keys><ref-type
name="Journal Article">17</ref-type><contributors><authors><author>EP A</author></authors></contributors><titles><title>40 CFR § 723.250 -
Polymers</title><secondary-title>Code of Federal Regulations</secondary-title></titles><periodical><full-title>Code of Federal Regulations</full-
title></periodical><pages>https://www.law.cornell.edw/cfr/text/40/723 250</pages><dates><year>2020</year></dates><urls></urls></record></Cite></EndNo
te>]

® The following exclusions apply: Cationic polymers, see 40 CFR § 723.250(d)(1) [ ADDIN EN.CITE

<EndNote><Cite><Author>EPA</ Author><Year>2020</Y ear><RecNum>35</RecNum><Display Text>[4]</DisplayText><record><rec-number>35</rec-
number><foreign-keys><key app="EN" db-id="xs0a90va7aasfwexSaev0dvyp0t59staSdae” timestamp="1595770827">35<key></foreign-keys><ref-type
name="Journal Article">17</ref-type><contributors><authors><author>EP A</author></authors></contributors><titles><title>40 CFR § 723.250 -
Polymers</title><secondary-title>Code of Federal Regulations</secondary-title></titles><periodical><full-title>Code of Federal Regulations</full-
title></periodical><pages>https://www . law.cornell. edw/cfr/text/40/723.250</pages><dates><year>2020</year></dates><urls></urls></record></Cite></EndNo
te>]; Elemental limitations, see 40 CFR § 723.250(d)(2) [ ADDIN EN.CITE

<EndNote><Cite><Author>EPA</ Author><Year>2020</Year><RecNum>35</RecNum><Display Text>[4]</Display Text><record><rec-number>35</rec-
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number><foreign-keys><key app="EN" db-id="xs0a9%0va7aasfwex35aevidvyp0t59staSdae” timestamp="1595770827">35<key></foreign-keys><ref-type
name="Journal Article">17</ref-type><contributors><authors><author>EPA </author></authors></contributors><titles><title>40 CFR § 723.250 -
Polymers</title><secondary-title>Code of Federal Regulations</secondary-title></titles><periodical><full-title>Code of Federal Regulations</full-
title></periodical><pages>https://www law.comell.edu/cfi/text/40/723 250</pages><dates><year>2020</year></dates><urls></urls></record></Cite></EndNo
te>]; Polymers which degrade, decompose, or depolymerize, see 40 CFR § 723.250(d)(3) | ADDIN EN.CITE
<EndNote><Cite><Author>EPA</Author><Year>2020</Year><RecNum>35</RecNum><Display Text>[4]</Display Text><record><rec-number>35</rec-
number><foreign-keys><key app="EN" db-id="xs0a9%0va7aasfwex35aevidvyp0t59staSdae” timestamp="1595770827">35<key></foreign-keys><ref-type
name="Journal Article">17</ref-type><contributors><authors><author>EP A</author></authors></contributors><titles><title>40 CFR § 723.250 -
Polymers</title><secondary-title>Code of Federal Regulations</secondary-title></titles><periodical><full-title>Code of Federal Regulations</full-
title></periodical><pages>https://www.law.cornell.edu/cfr/text/40/723.250</pages><dates><year>2020</year></dates><urls></urls></record></Cite></EndNo
te>]; Polymers manufactured or imported from monomers and reactants not on the TSCA Chemical Substance Inventory, see 40 CFR § 723.250(d)(4) [ ADDIN
EN.CITE <EndNote><Cite><Author>EPA</Author><Year>2020</Year><RecNum>35</RecNum><Display Text>[4]</Display Text><record><rec-
number>35</rec-number><foreign-keys><key app="EN" db-1id="x50a90va7aasfwexSaev0dvyp0t39staSdae” timestamp="1595770827">35</key></foreign-
keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>EP A</author></authors></contributors><titles><title>40 CFR §
723.250 - Polymers</title><secondary-title>Code of Federal Regulations</secondary-title></titles><periodical><full-title>Code of Federal Regulations</full-
title></periodical><pages>https://www.law.cornell.edu/cfr/text/40/723.250</pages><dates><year>2020</year></dates><urls></urls></record></Cite></EndNo
te>]; Water absorbing polymers with NAMW > 10,000 Daltons, see 40 CFR § 723.250(d)(5) [ ADDIN EN.CITE
<EndNote><Cite><Author>EPA</Author><Year>2020</Year><RecNum>35</RecNum><Display Text>[4]</Display Text><record><rec-number>3 5</rec-
number><foreign-keys><key app="EN" db-id="xs0a9%0va7aasfwex35aevidvyp0t59staSdae” timestamp="1595770827">35</key></foreign-keys><ref-type

name="Journal Article">17</ref-type><contributors><authors><author>EP A</author></authors></contributors><titles><title>40 CFR § 723.250 -
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Polymers</title><secondary-title>Code of Federal Regulations</secondary-title></titles><periodical><full-title>Code of Federal Regulations</full-
title></periodical><pages>https://www . law.cornell.edu/cfr/text/40/723.250</pages><dates><year>2020</year></dates><urls></urls></record></Cite></EndNo
te>]; and Polymers which contain certain perfluoroalkyl moieties consisting of a CF3- or longer chain length, see 40 CFR § 723.250(d)(6) [ ADDIN EN.CITE
<EndNote><Cite><Author>EP A</ Author><Year>2020</Year><RecNum>35</RecNum><DisplayText>[4]</DisplayText><record><rec-number>3 5</rec-
number><foreign-keys><key app="EN" db-id="xs0a%0va7aasfwexSaevldvyp0t59staddae” timestamp="1595770827">35</key></foreign-keys><ref-type
name="Journal Article">17</ref-type><contributors><authors><author>EP A</author></authors></contributors><titles><title>40 CFR § 723.250 -
Polymers</title><secondary-title>Code of Federal Regulations</secondary-title></titles><periodical><full-title>Code of Federal Regulations</full-
title></periodical><pages>https://www . law.cornell.edu/cfr/text/40/723.250</pages><dates><year>2020</year></dates><urls></urls></record></Cite></EndNo
te>].

¢ “These groups are so categorized because they generally lack reactivity in biological settings”; see EPA (1997) [ ADDIN EN.CITE
<EndNote><Cite><Author>EPA</Aunthor><Year>1997</Year><RecNum>36</RecNun><Display Text>[5]</DisplayText><record><rec-number>36</rec-
number><foreign-keys><key app="EN" db-id="xs0a%0va7aasfwexSaevldvyp0t59staSdae” timestamp="1595771575">36</key></foreign-keys><ref-type
name="JYournal Article">17</ref-type><contributors><authors><author>EPA </author></authors></contributors><titles><title>Polymer Exemption Guidance
Manual</title><secondary-title>Office of Pollution Prevention and Toxics, U.S. Environmental Protection Agency, 1200 Pennsylvania Ave., NW, Washington,
DC 20460</secondary-title></titles><periodical><full-title>Office of Pollution Prevention and Toxics, U.S. Environmental Protection Agency, 1200
Pennsylvania Ave., NW, Washington, DC 20460</full-title></periodical><pages>354, https//www.epa.gov/sites/production/files/2015-

03/documents/polyguid. pdf</pages><volume>EPA 744-B-97-001</volume><dates><year>1997 </year></dates><urls></urls></record></Cite></EndNote>];
for discussion, see: EPA (1995) [ ADDIN EN.CITE

<EndNote><Cite><Author>EPA</Author><Year>1995</Year><RecNum>34</RecNum><DisplayText>[ 3] </Display Text><record><rec-number>34</rec-

number><foreign-keys><key app="EN" db-id="xs0a90va7aasfwexSaev0dvyp0t59staSdae” timestamp="1595770530">34</key></foreign-keys><ref-type
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name="Journal Article">17</ref-type><contributors><authors><author>EP A</author></authors></contributors><titles><title>Premanufacture Notification
Exemptions; Revisions of Exemptions for Polymers; Final Rule</title><secondary-title>Federal Register</secondary-title></titles><periodical><full-
title>Federal Register</full-title></periodical><pages>16316-

16336</pages><volume>60</volume><number>60</number><dates><year>1995</year></dates><urls></urls></record></Cite></EndNote>].
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eparonment-under-terms-of the-exemption”-| ADDIN EN.CITE

<EndNote><Cite><Author>EP A</Author><Year>1995</Year><RecNum>34</RecNum><Dis
playText>[3]</DisplayText><record><rec-number>34</rec-number><foreign-keys><key
app="EN" db-1d="xs0a9%0va7aastwexSaev0dvyp0Ot59staSdae"
timestamp="1595770530">34</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>EP A</author></authors></contributors><titles><title>P
remanufacture Notification Exemptions; Revisions of Exemptions for Polymers; Final
Rule</title><secondary-title>Federal Register</secondary-title></titles><periodical><full-
title>Federal Register</full-title></periodical><pages>16316-
16336</pages><volume>60</volume><number>60</number><dates><year>1995</year></dat
es><urls></urls></record></Cite></EndNote>|-however—t There are instances, however, where
exempt polymers, as well as non-exempt polymeric substances, may be manufactured,
processed, used, efc., in a manner that may create hazards, which are not intrinsic to the polymer
per se, but rather are-based-on the form of the polymer (e.g., respirable). For example, high-
molecular weight (HM W) polymers (i.e., NAMW > 10,000 Daltons) that meet the E2 criteria
and are manufactured or used as particles with sizes in the respirable range (i.e., < 10 umy)
represent a general-class of chemical substances (hereinafter referred to as “HMW polymers”)

that may cause anpetential inhalation texietty-hazard (i.e., lung overload) via the mode(s) of

action (i.e., impairment of alveolar-macrophage mediated clearance), as identified in rat

inhalation studies, to chemical substances presentin the respirable, poorly soluble particulates

the NCP Chemical Categories-doe
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>d-aa-The analogues for the respirable, poorly soluble

the-NCP Chemical Category «

particolates wi
particulates-are lizmted to-discrete inorganic substances, including oxides of various metals (e.g.,
titanium dioxide) or nonmetals (e.g., carbon black). In contrast, HMW polymers consist of the
polymeric substance, as well as varying weight fractions of oligomeric material (e.g., <5 wt%

below 1,000 Daltons for these-polymers meeting the E2 criteria).

The purpose of the present evaluation was to perform a systematic review of the literature to
identify available information that would support: (1) establishing physicochemical boundaries
for a chemical category on HMW polymers; (2) determining whether specitic chemical
substances could be used as representative toxicological analogues with points of departure for
the members of this category; and (3) establishing a proposed tiered-testing strategy for

evaluating new chemical substances that meet the chemical boundaries for this category. A=

In addition, new approach methodologies (NAMs) were

introduced as part of the tiered-testing strategy te-that meet the statutory mandate under TSCA to

reduce or replace the use of vertebrate animals in the testing of chemical substances.

MATERIALS AND METHODS

Systematic Literature Review

An initial literature search was conducted in November 2016, and a supplemental literature
search was conducted in April 2018. The details of these reviews, including the search strategies,
search terms, search results and Population, Exposure, Comparison, and Outcomes (PECO)

criteria used for reviewing results for relevance are provided in the Supporting Information file at
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“Section 1 Systematic Literature Review”. The objective of these reviews was to obtain studies
that evaluated potential “lung overload” toxicity, i.e., respiratory tract toxicity of HMW
polymers in exposed humans, investigated lower respiratory tract (i.e., the tracheobronchial and
alveolar regions) effects in laboratory animals and identitied points of departure, or informed the
mode of action for these agents at a cellular level (i.e., in vitro studies). In the context of this
evaluation, “lung overload” refers to the “type of retained Iung burden seen with excessively
high exposures [in rodents] that lead to impairment of AM [alveolar macrophage]-mediated
particle clearance” | ADDIN EN.CITE
<EndNote><Cite><Author>Miller</Author><Y ear>2000</Y ear><RecNum>37</RecNum><Di
splayText>[6]</DisplayText><record><rec-number>37</rec-number><foreign-keys><key
app="EN" db-1d="xs0a%0va7aastwexSaevOdvypOtS9staSdae"
timestamp="1595773878">37</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>Miller, F. J.</author></authors></contributors><auth-
address>Chemical Industry Institute of Toxicology, 6 Davis Drive, PO Box 12137, Research
Triangle Park, NC 27709, USA. fmiller@ciit.org</auth-address><titles><title>Dosimetry of
particles in laboratory animals and humans in relationship to issues surrounding lung overload
and human health risk assessment: a critical review</title><secondary-title>Inhal
Toxicol</secondary-title><alt-title>Inhalation toxicology</alt-title></titles><alt-
periodical><full-title>Inhalation Toxicology</full-title></alt-periodical><pages>19-
57</pages><volume>>12</volume><number>1-

2</number><edition>2000/03/1 5</edition><keywords><keyword>Air Pollutants/*adverse
effects/pharmacokinetics<Vkeyword><keyword>Air Pollutants, Occupational/*adverse

effects/pharmacokinetics</keyword><keyword>Animals<Vkeyword><keyword>Animals,
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Laboratory</keyword><keyword>Body Burden</keyword><keyword>Dose-Response
Relationship, Drug</keyword><keyword>Humans</keyword><keyword>Lung/*drug
effects/metabolism</keyword><keyword>Pneumoconiosis/*etiology/metabolism</keyword><k
eyword>Risk Assessment</keyword><keyword>Species
Specificity</keyword></keywords><dates><year>2000</year><pub-dates><date>Jan-
Feb</date></pub-dates></dates><isbn>0895-8378 (Print)&#xD;0895-8378</ishn><accession-
num>10715617</accession-num><urls></urls><electronic-resource-
nune>10.1080/089583700196536<electronic-resource-num><remote-database-
provider>NLM</remote-database-
provider><language>eng</language></record></Cite></EndNote>]. Since “overload” is defined
differently in experimental animals versus humans [ ADDIN EN.CITE ADDIN
EN.CITE.DATA |, the literature searches used search strings that were intended to be overly
inclusive to identify studies that evaluated “overload” in experimental animals and humans. A
secondary objective was to identity potential NAMs that may be incorporated into a tiered-

testing strategy that minimizes the use of vertebrate animals.

Risk Assessment Approaches Under TSCA
EPA generally uses the-a margin of exposure (MOE) approach for quantifying potential non-
cancer risks in risk assessments perfermed-on new chemical substances-under- T5EA. The MOE

approash-s calculated based on a point(s) of departure (POD) divided by a-the human exposure

[PAGE ]

ED_005294A_00000413-00019



identified from animal studies. An duratien-adjustment is applied to the POD to account for the
exposure conditions under evaluation (e.g., workers = 8 hours/day, 5 days/week) versus the
exposure conditions emploved-in the experimental study (e.g., 6 hours/day, 5 days/week). The
human exposure estimate is typically generated fornew chemical-substances-using modeling
approaches including the Chemical Screening Tool for Exposures and Environmental Releases

(ChemSTEER). ChemSTEER exposure estimates are generated as acute potential dose rates

mg/day (i.e., 5 mg/m’) esand 150 mg/day (i.e., 15 mg/m?), respectively [ ADDIN EN.CITE

<EndNote><Cite><Author>EP A</Author><Year>2013</Year><RecNum>44</RecNum><Dis
playText>[12]</DisplayText><record><rec-number>44</rec-number><foreign-keys><key
app="EN" db-id="xs0a%0va7aastwex5aev0dvyp0Ot59staSdae"
timestamp="1595776956">44</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>EPA</author></authors></contributors><titles><title>C
hemSTEER User Guide - Chemical Screening Tool for Exposures and Environmental
Releases</title><secondary-title>Office of Pollution Prevention and Toxics, U.S. Environmental
Protection Agency, 1200 Pennsylvania Ave., NW, Washington, DC 20460</secondary-
title></titles><periodical><full-title>>Office of Pollution Prevention and Toxics, U.S.
Environmental Protection Agency, 1200 Pennsylvania Ave., NW, Washington, DC 20460</full-

title></periodical><pages>399</pages><dates><year>2013</year></dates><urls></urls></reco
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rd></Cite></EndNote>]. However, for chronic effects like lung overload, the LADD represents
the more appropriate exposure metric for quantifying potential risks | ADDIN EN.CITE
<EndNote><Cite><Author>EPA</Author><Year>2013</Year><RecNum>45</RecNum><Dis
playText>[13]</DisplayText><record><rec-number>45</rec-number><foreign-keys><key
app="EN" db-id="xs0a90va7aastwex5aevOdvypOtS9staSdae"
timestamp="1595778575">45</key></toreign-keys><ref-type name="Journal Article">17</ret-
type><contributors><authors><author>EP A</author></authors></contributors><titles><title>I
nterpretive Assistance Document for Assessment of Discrete Organic Chemicals, Sustainable
Futures Summary Assessment</title><secondary-title>Oftice of Pollution Prevention and
Toxics, U.S. Environmental Protection Agency, 1200 Pennsylvania Ave., NW, Washington, DC
20460</secondary-title></titles><periodical><full-title>Office of Pollution Prevention and
Toxics, U.S. Environmental Protection Agency, 1200 Pennsylvania Ave., NW, Washington, DC
20460</tull-title></periodical><pages>20, https://www.epa.gov/sites/production/files/2015-
05/documents/05-
iad_discretes_june2013.pdf</pages><dates><year>2013</year></dates><urls></urls></record>
</Cite></EndNote>]. A summary of the default values used #er1in calculating PDRs and LADDs
for new chemical substances in powder or particulate form is provided in | REE  Ret46666189

th V¥ MERGEFORMAT |

Table [ SEQ Table \* ARABIC ]. Default values used for calculating the PDR and LADD.

Description Equation Parameter Defaults Units

Mass concentration of
PDR (mg/day) Cmxbxh 5 mg/m’
chemical in air (Cm)
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Volumetric inhalation rate (b)

1.25 m*/hr
0<b<79)
Exposure duration (h)
8 hrs/day
(0<h<24)
Inhalation PDR (1) 50 mg/day
Days exposed per year (ED)
250 days/site-yr
(0 <ED (integer) < 365)
(IxED *x EY)/
LADD Years of occupational
(BW x ATc x 40 years
(mg/kg-bw/day) exposure (EY) (0 <EY)
365 days/yr)
Body weight (BW) (0 < ATc) 80 kg
Averaging time over a
70 years

lifetime (chronic) (0 < ATc)

For each of the MOEs calculated hereinin this article, both the PDR and LADD have been

provided are-provided-for comparison. The resulting MOE is compared to a benchmark MOE for

characterizing potential risks. If the MOE is lower than the benchmark MOE, potential risks are

indicated under TSCA, whereas if the MOE 1z higher than the benchmark MOE, the sisks-are-net

sonsidered-gs-eoncern-under-F8CAchemical substance i3 considered as not posing a notential sk,

Benchmark MOE Derivation

The benchmark MOE is-derived-to-accounts for both uncertainty and variability. In the context of

this article, these terms have the same meaning as defined by EPA (2002) [ ADDIN EN.CITE

<EndNote><Cite><Author>EP A</Author><Year>2002</Y ear><RecNum>46</RecNum><Dis
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playText>[14]</DisplayText><record><rec-number>46</rec-number><foreign-keys><key
app="EN" db-id="xs0a%0va7aastwex5aev0dvypOt59staSdae"
timestamp="1595788591">46</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>EPA</author></authors></contributors><titles><title>A
Review of the Reference Dose and Reference Concentration Processes</title><secondary-
title>Risk Assessment Forum, U.S. Environmental Protection Agency, Washington, DC
20460</secondary-title></titles><periodical><full-title>Risk Assessment Forum, U.S.
Environmental Protection Agency, Washington, DC 20460</full-title></periodical><pages>192,
https://www.epa.gov/sites/production/files/2014-12/documents/rfd-

final pdf</pages><volume>EPA/630/P-
02/002F</volume><dates><year>2002</year></dates><urls></urls></record></Cite></EndNot
e>] and are based on the following considerations: intraspecies (ak.a., intrahuman) variability
(i.e., human-to-human variability or UFy), interspecies variability (i.e., animal-to-human
extrapolation uncertainty or UF,), and LOAEC-to-NOAEC uncertainty (i.e., uncertainty with
extrapolating from a Lowest Observed Adverse Effect Concentration [LOAEC] to a No
Observed Adverse Effect Concentration [NOAEC] or UFp). The default values used for
calculating the benchmark MOE are 10 for each of the composite uncertainty factors (i.e., UFg %
UFax UFL = 1000). EPA has developed guidance fosused-on-improvingto inprove the science
underlying the animal-to-human uncertainty factor, which provides generalized procedures for
deriving dosimetric adjustment factors (DAF) | ADDIN EN.CITE
<EndNote><Cite><Author>EP A</Author><Year>2002</Year><RecNum>46</RecNum><Dis
playText>[14, 15]</DisplayText><record><rec-number>46</rec-number><foreign-keys><key

app="EN" db-1d="xs0a9%0va7aastwexSaev0dvyp0Ot59staSdae"
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timestamp="1595788591">46</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>EPA</author></authors></contributors><titles><title>A
Review of the Reference Dose and Reference Concentration Processes</title><secondary-
title>Risk Assessment Forum, U.S. Environmental Protection Agency, Washington, DC
20460</secondary-title></titles><periodical><full-title>Risk Assessment Forum, U.S.
Environmental Protection Agency, Washington, DC 20460</full-title></periodical><pages>192,
https://www.epa.gov/sites/production/files/2014-12/documents/rfd-

final pdf</pages><volume>EPA/630/P-

02/002F </volume><dates><year>2002</year></dates><urls></urls></record></Cite><Cite><
Author>EPA </Author><Year>1994</Y ear><RecNum>47</RecNum><record><rec-
number>47</rec-number><foreign-keys><key app="EN" db-
1d="xs0a90va7aastwex5aev0dvyp0t59staSdae” timestamp="1595788909">47</key></foreign-
keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>EPA</author></authors></contributors><titles><title>
Methods for Derivation of Inhalation Reference Concentrations and Application of Inhalation
Dosimetry</title><secondary-title>Office of Research and Development, U.S. Environmental
Protection Agency, Research Triangle Park, North Carolina</secondary-
title></titles><periodical><full-title>Office of Research and Development, U.S. Environmental
Protection Agency, Research Triangle Park, North Carolina</full-
title></periodical><pages>389, https://www.epa.gov/sites/production/files/2014-
11/documents/rfc_methodology.pdf</pages><volume>EP/600/9-
90/066F</volume><dates><year>1994</year></dates><urls></urls></record></Cite></EndNot

e>]. Application of DAFs to the animal airborne exposure values yields estimates of the
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concentration i1 humans, satis-the Human
Equivalent Concentration (HEC). For studies reperting-with only a LOAEC, EPA recommends
benchmark dose modeling be performed;-if-the-experimental data-are-amenable; to identify a
BMDL ;-and-therebyio reduce the LOAEL-to-NOAEL UF value to 1. Each of these adjustments

is discussed below, along with their potential applicability to the available studies that evaluated

lung overload from HMW polymers.

Regional Dose Dosimetry Ratio (RDDR)

EPA may apply DAFs to PODs-sdentitied from experimental animal studies based on the
methods described in #s-EPPA’s 1994 guidance document titled-“Methods for Derivation of
Inhalation Reference Concentrations and Application of Inhalation Dosimetry” | ADDIN
EN.CITE

<EndNote><Cite><Author>EP A</Author><Year>1994</Year><RecNum>47</RecNum><Dis
playText>[15]</DisplayText><record><rec-number>47</rec-number><foreign-keys><key
app="EN" db-id="xs0a%0va7aastwex5aev0dvypOt59staSdae"
timestamp="1595788909">47</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>EPA</author></authors></contributors><titles><title>
Methods for Derivation of Inhalation Reference Concentrations and Application of Inhalation
Dosimetry</title><secondary-title>Office of Research and Development, U.S. Environmental
Protection Agency, Research Triangle Park, North Carolina</secondary-
title></titles><periodical><full-title>Office of Research and Development, U.S. Environmental
Protection Agency, Research Triangle Park, North Carolina</full-

title></periodical><pages>389, https://www epa.gov/sites/production/files/2014-
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11/documents/rfc_methodology.pdf</pages><volume>EP/600/9-
90/066F</volume><dates><year>1994</year></dates><urls></urls></record></Cite></EndNot
e>]. When-apphedin this method, the default DAF accounts for the toxicokinetic component of
the UF4 and is reduced from approximately 3 (i.e., 10%°) to 1, since-the POD is dosimetrically
adjusted to a PODurc ywhereasand the remaining UF 4 value of approximately 3 accounts for the

toxicodynamic component of the UF4. EPA’s 1994 pudance document recommends the use of

default models when they are available | ADDIN EN.CITE

<EndNote><Cite><Author>EP A</Author><Year>1994</Y ear><RecNum>47</RecNum><Dis
playText>[15]</DisplayText><record><rec-number>47</rec-number><foreign-keys><key
app="EN" db-1d="xs0a%0va7aastwexSaevOdvypOtS9staSdae"
timestamp="1595788909">47</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>EPA</author></authors></contributors><titles><title>
Methods for Derivation of Inhalation Reference Concentrations and Application of Inhalation
Dosimetry</title><secondary-title>Office of Research and Development, U.S. Environmental
Protection Agency, Research Triangle Park, North Carolina</secondary-
title></titles><periodical><full-title>Office of Research and Development, U.S. Environmental
Protection Agency, Research Triangle Park, North Carolina</full-
title></periodical><pages>389, https://www epa.gov/sites/production/files/2014-
11/documents/rfc_methodology.pdf</pages><volume>EP/600/9-
90/066F</volume><dates><year>1994</year></dates><urls></urls></record></Cite></EndNot

e>].
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To derive a DAF for particle exposures, EPA developed a software program for calculating the
regional deposited dose ratio (RDDR), thatis-the DAF for particles. The RDDR is an empirical
model of deposition, that-is-applicable to particles in the size range of 0.5-30 um and calculates

an RDDR wvalue-as the DAF for insoluble particles using the following ratios:

RDDR = VE,cmimal x Fr,animal x NFhuman
VE,human Fr,hu'man NFanimal

These ratios incorporate animal to human adjustments for the following parameters: minute
volume (Vg; mL/min), depositional fraction (Fr) et the partieulate-in the different regions of

respiratory tract (i.e., extrathoracic, tracheobronchial, and pulmonary), and a normalizing factor

(NF) for the region of interest, such as respiratory tract surface area.

The RDDR aserinputs include mass median aerodynamic diameter (MMAD), geometric

standard deviation (c)-fos st, and the average bodyweight of the animal-ased
in-the-study from which default Vi and surface areas of the respiratory tract regions fesrthe
antmal-are calculated. The RDDR may be applied to the dwration-duration-adjusted POD;

however, risk assessments performed under TSCA apply the RDDR to the POD obtained uader

1 the laboratory animal regimen-—+thereatter, and the duration adjustment is applied when
quantitying the MOE for the population of interest. The RDDR software (version 2.3) was run
with the assistance of DOSBox, an open-source and free DOS-emulator | ADDIN EN.CITE
<EndNote><Cite><Author>DOSBox</Author><Year>2019</Y ear><RecNum>48</RecNum><
DisplayText>[ 16 ]</DisplayText><record><rec-number>48</rec-number><foreign-keys><key
app="EN" db-1d="xs0a%0va7aastwexSaevOdvypOtS9sta5dac"

timestamp="1595789343">48</key></toreign-keys><ref-type name="Journal Article">17</ret-
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type><contributors><authors><author>DOSBox</author></authors></contributors><titles><titl
e>DOSBox &quot;Way more FPA than Counterstrike
1&quot;</title></titles><pages>https://www.dosbox.com/</pages><dates><year>2019</year></

dates><urls></urls></record></Cite></EndNote>].

Multiple-Path Particle Dosimetry (MPPD)

Inhaled dose 1s dictated by inhalability and deposition mechanisms that differ in relative
contribution for each region of the respiratory tract as well as differ due to the anatomical
differences between experimental species and humans at different ages. These deposition
mechanisms are also influenced by the breathing mode (e.g., oral, nasal, or both), the ventilation
tidal volume and breathing rate; and as well interact with key physicochemical properties of
aerosols including particle size, distribution, density, and hygroscopicity. Clearance mechanisms
include dissolution, mucociliary removal, and translocation to the alveolar (pulmonary)
interstitium. Retained dose is a function of the integrated processes of inhalability, deposition,

and clearance.

The Multiple-Path Particle Dosimetry (MPPD) model (version 3.04) developed by Anjilvel and
Asgharian (1995) [ ADDIN EN.CITE
<EndNote><Cite><Author>Anjilvel</Author><Year>1995</Year><RecNum>73</RecNum><
DisplayText>[17]</DisplayText><record><rec-number>73</rec-number><foreign-keys><key
app="EN" db-1d="xs0a9%0va7aastwexSaev0dvyp0Ot59staSdae"
timestamp="1595839173">73</key></foreign-keys><ref-type name="Journal Article">17</ref-

type><contributors><authors><author>Anjilvel, S.</author><author>Asgharian,
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B.</author></authors></contributors><auth-address>Department of Medicine, Duke University
Medical Center, Durham, North Carolina 27710, USA </auth-address><titles><title>A multiple-
path model of particle deposition in the rat lung</title><secondary-title>Fundam Appl
Toxicol</secondary-title><alt-title>Fundamental and applied toxicology : official journal of the
Society of Toxicology</alt-title></titles><periodical><full-title>Fundam Appl Toxicol</full-
title></periodical><pages>41-
50</pages><volume>28</volume><number>1</number><edition>1995/1 1/01</edition><keyw
ords><keyword>Airway
Resistance/physiology</keyword><keyword>Animals</keyword><keyword>Bronchi/anatomy
&amp; histology/physiology</keyword><keyword>Lung/*anatomy &amp;
histology/physiology</keyword><keyword>Particle
Size</keyword><keyword>Rats</keyword><keyword>Respiratory Function
Tests</keyword><keyword>Respiratory Mechanics/physiology</keyword><keyword>Tidal
Volume/physiology</keyword><keyword>Trachea/anatomy &amp;
histology/physiology</keyword></keywords><dates><year>1995</year><pub-
dates><date>Nov</date></pub-dates></dates><isbn>0272-0590 (Print)&#xD;0272-
0590</isbn><accession-num>8566482</accession-num><urls></urls><electronic-resource-
nunr>10.1006/faat.1995.1144</electronic-resource-num><remote-database-
provider>NLM</remote-database-
provider><language>eng</language></record></Cite></EndNote>] and updated by Miller ef a/.
(2016) [ ADDIN EN.CITE

<EndNote><Cite><Author>Miller</Author><Y ear>2016</Year><RecNum>70</RecNum><Di

splayText>[18]</DisplayText><record><rec-number>70</rec-number><foreign-keys><key
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app="EN" db-id="xs0a90va7aastwex5aevOdvypOtS9staSdae"
timestamp="1595838679">70</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>Miller, F. J.</author><author>Asgharian,
B.</author><author>Schroeter, J.D.</author><author>Price,

O </author></authors></contributors><titles><title>Improvements and additions to the Multiple
Path Particle Dosimetry model</title><secondary-title>Journal of Aerosol Science</secondary-
title></titles>><periodical><full-title>Journal of Aerosol Science</full-
title></periodical><pages>14-
26</pages><volume>99</volume><dates><year>2016</year></dates><urls></urls></record><
/Cite></EndNote>] is a mechanistic, multipath model that was modified and used to predict
deposition, clearance, and lung burden over the course of a long-term exposure , as described by
Ladics ef al. (2020) | ADDIN EN.CITE
<EndNote><Cite><Author>Ladics</Author><Year>2020</Y ear><RecNum>69</RecNum><Di
splayText>[19]</DisplayText><record><rec-number>69</rec-number><foreign-keys><key
app="EN" db-id="xs0a%0va7aastwex5aev0dvypOt59staSdae"
timestamp="1595838584">69</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>Ladics, G.</author><author>Price,

O .</author><author>Kelkar, S.</author><author>Hermkimer, S.</author><author>Anderson,
S.</author></authors></contributors><titles><title>In silico Multiple-Path Particle Dosimetry
Modeling of the Lung Burden of a Biosoluble, Bioaccessible Alpha 1,3 Polysaccharide
Polymer</title><secondary-title>Chemical Research in Toxicology</secondary-
title></titles><periodical><full-title>Chemical Research in Toxicology</full-

title></periodical><pages>In
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preparation</pages><dates><year>2020</year></dates><urls></urls></record></Cite></EndN
ote>]. As with the RDDR outputs, the MPPD outputs provide values that may be used to
calculate a PODnugc; however, unlike the RDDR model, MPPD provides outputs that may be
used to characterize acute exposures via deposition and subchronic/chronic exposures via

retained dose.

The MPPD model (version 3.04) uses default translocation rates in the alveolar interstitium that
were recommended by the International Commission on Radiological Protection (ICRP) in their
1994 human respiratory tract model [ ADDIN EN.CITE
<EndNote><Cite><Author>ICRP</Author><Year>1994</Year><RecNum>26</R ecNum><Dis
playText>[20]</DisplayText><record><rec-number>26</rec-number><foreign-keys><key
app="EN" db-1d="xs0a%0va7aastwex5aev0dvypOt59staSdae"
timestamp="1590848620">26</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>ICRP</author></authors></contributors><titles><title>>
Human respiratory tract model for radiological protection. A report of a Task Group of the
International ~ Commission  on  Radiological  Protection</title><secondary-title>Ann
ICRP</secondary-title><alt-title>Annals of the ICRP</alt-title></titles><periodical><full-
title>Ann  [CRP</full-title><abbr-1>Annals of the ICRP</abbr-1></periodical><alt-
periodical><full-title>Ann  ICRP</full-title><abbr-1>Annals of the ICRP</abbr-1></alt-
periodical><pages>1-482</pages><volume>24</volume><number>1-

3</number><edition>>1994/01/01</edition><keywords><keyword>Humans</keyword><keywo

rd>International Cooperation</keyword><keyword>*Models,
Theoretical</keyword><keyword>Neoplasms, Radiation-
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Induced/*etiology/pathology/physiopathology</keyword><keyword>Radiation
Dosage</keyword><keyword>*Radiation Monitoring</keyword><keyword>*Radiation
Protection</keyword><keyword>Radioactive Pollutants</keyword><keyword>Respiratory
System/pathology/physiopathology/*radiation effects</keyword><keyword>Respiratory Tract
Neoplasms/*etiology/pathology/physiopathology</keyword></keywords><dates><year>1994</
year></dates><isbn>0146-6453 (Print)&#xD;0146-6453</isbn><accession-
num>7726471</accession-num><urls><related-
urls><url>https:/journals.sagepub.com/doi/pdt/10.1177/ANIB 24 1-3</url></related-
urls></urls><remote-database-provider>NLM</remote-database-
provider><language>eng</language></record></Cite></EndNote>]. These rates are considered
representative of insoluble particles. More recently, the ICRP model and clearance rates have
been updated based on improved lung burden data [ ADDIN EN.CITE ADDIN
EN.CITE.DATA ]. Refinements may be imparted by chemical-specific dissolution data and
exploration of these new model values. Hygroscopic growth is currently not addressed in either
the MPPD or ICRP models; and is not likely to be relevant to this category of inhaled polymers.
In rats, MPPD implements a two-compartment pulmonary clearance model where the alveolar
clearance rate decreases as alveolar retained mass increases. MPPD predicts the alveolar
clearance rate based on an empirical model fit to titanium dioxide retained mass data from 13-
week rat exposures. In humans, MPPD implements the ICRP clearance model localized for
individual airways in the pulmonary region. Clearance rates in the ICRP human clearance model
are constant and do not vary with alveolar retained mass. Therefore, depression of clearance rates
associated with lung overload is incorporated in the MPPD rat model, but not the MPPD human

model. Additional uncertainty in the predictions is imparted from the use of lung geometry
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models for different rat species than used in the experiment, but nonetheless will be shown to fit

experimental data well.

Benchmark Dose Modeling
EPA’s benchmark dose modeling (BMD) software is routinely used for evaluating datasets

because of its advantages over using the NOAEC/LOAEC approach-as-di

[ ADDIN EN.CITE

<EndNote><Cite><Author>EP A</Author><Year>2012</Year><RecNum>49</RecNum><Dis
playText>[22]</DisplayText><record><rec-number>49</rec-number><foreign-keys><key
app="EN" db-id="xs0a90va7aastwex5aevOdvypOtS9staSdae"
timestamp="1595789576">49</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>EPA</author></authors></contributors><titles><title>B
enchmark Dose Technical Guidance</title><secondary-title>Risk Assessment Forum, U.S.
Environmental Protection Agency, Washington, DC 20460</secondary-
title></titles><periodical><full-title>Risk Assessment Forum, U.S. Environmental Protection
Agency, Washington, DC 20460</full-title></periodical><pages>99,
https://'www.epa.gov/sites/production/files/2015-

01/documents/benchmark dose guidance.pdf</pages><volume>EPA/100/R-

12/001 </volume><dates><year>2012</year></dates><urls></urls></record></Cite></EndNote
>]. When a NOAEC is not identitied-available in a study, EPA typically applies a UFr of 10 to
extrapolate from the LOAEC to the NOAEC. However, when datasets are amenable to BMD

modeling, the UFy, may be reduced from 10 to 1. -beesusetThe statistical lower contfidence limit

on the concentration at the BMD (i.e., the BMDL) is a dose level corresponding to specific
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response levels near the low end of the observable range of-the dthat incorporates and
conveys more information than the NOAEC or the LOAEC [ ADDIN EN.CITE
<EndNote><Cite><Author>EP A</Author><Year>2012</Year><RecNum>49</RecNum><Dis
playText>[22]</DisplayText><record><rec-number>49</rec-number><foreign-keys><key
app="EN" db-id="xs0a90va7aastwex5aevOdvypOtS9staSdae"
timestamp="1595789576">49</key></toreign-keys><ref-type name="Journal Article">17</ret-
type><contributors><authors><author>EP A</author></authors></contributors><titles><title>B
enchmark Dose Technical Guidance</title><secondary-title>Risk Assessment Forum, U.S.
Environmental Protection Agency, Washington, DC 20460</secondary-
title></titles><periodical><full-title>Risk Assessment Forum, U.S. Environmental Protection
Agency, Washington, DC 20460</full-title></periodical><pages>99,
https://'www.epa.gov/sites/production/files/2015-

01/documents/benchmark dose guidance.pdf</pages><volume>EPA/100/R-

12/001 </volume><dates><year>2012</year></dates><urls></urls></record></Cite></EndNote
>]. EPA’s BMD software (BMDS, 3.1.1) was used for dose-response modeling of dichotomous
(e.g., lesion incidence) data. All dichotomous models in the software were considered. A
benchmark response (BMR) of 10% extra risk was selected, and-model fit was-evaluated using
the ¥2 goodness-of-fit p-value (p > 0.1), magnitude of scaled residuals at concentrations near the
BMR, and visual assessment of the model fit-as-displayed-praphicaliy. The BMCL from the
model with the lowest Akaike’s Information Criterion (AIC) was chosen from among all models
providing adequate fit, per EPA’s guidance | ADDIN EN.CITE

<EndNote><Cite><Author>EP A</Author><Year>2012</Y ear><RecNum>49</RecNum><Dis

playText>[22]</DisplayText><record><rec-number>49</rec-number><foreign-keys><key
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app="EN" db-id="xs0a90va7aastwex5aevOdvypOtS9staSdae"
timestamp="1595789576">49</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>EPA</author></authors></contributors><titles><title>B
enchmark Dose Technical Guidance</title><secondary-title>Risk Assessment Forum, U.S.
Environmental Protection Agency, Washington, DC 20460</secondary-
title></titles><periodical><full-title>Risk Assessment Forum, U.S. Environmental Protection
Agency, Washington, DC 20460</full-title></periodical><pages>99,
https://www.epa.gov/sites/production/files/2015-
01/documents/benchmark _dose guidance.pdf</pages><volume>EPA/100/R-

12/001 </volume><dates><year>2012</year></dates><urls></urls></record></Cite></EndNote

>].

RESULTS AND DISCUSSION

Literature Search and Screening Results

The initial literature search identified 257 articles on PubMed. Following title and abstract
screening, 28 articles were selected for full text review, and 23 articles were identified using
additional search strategies (e.g., tree searching). Of the 51 articles identified tor full text review,
only 24 articles contained relevant information that satisfied the PECO criteria for lung overload
from HMW polymers. In the supplemental literature search, 1218 articles were identified on
PubMed and Embase (combined). Title and abstract screening resulted in 46 potentially relevant
articles for full text screening. Of these, 13 were identified as potentially relevant for review;

seven of thel3 articles were also identified in the mitial literature search. Complete details on the
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systematic review are provided in the Supporting Information file at “Section 1 Systematic

Literature Review”.

The information identified in the systematic review was used to inform the inclusion/exclusion
criteria in the section on Category Boundaries, t¢ develop the health effects summaries in the
section on Hazard Identification, and to_identify NAMs to include in the section on Tiered-

Testing Strategies.

Category Boundaries

The sategary-boundaries for HMW polymers that may present a hazard for lung overload include
those that do not meet the exclusion criteria listed under EPA’s polymer exemption at 40 CFR §
723.250(d) [ ADDIN EN.CITE

<EndNote><Cite><Author>EP A</Author><Year>2020</Y ear><RecNum>35</RecNum><Dis
playText>[4]</DisplayText><record><rec-number>35</rec-number><foreign-keys><key
app="EN" db-id="xs0a%0va7aastwex5aev0dvypOt59staSdae"
timestamp="1595770827">35</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>EPA</author></authors></contributors><titles><title>4
0 CFR § 723.250 - Polymers</title><secondary-title>Code of Federal Regulations</secondary-
title></titles><periodical><full-title>Code of Federal Regulations</full-
title></periodical><pages>https://www law.cornell.edu/cfr/text/40/723.250</pages><dates><ye
ar>2020</year></dates><urls></urls></record></Cite></EndNote>], are respirable (i.e.,
manufactured, processed, or used in a respirable form), non-reactive, and poorly soluble. Each of

these boundary criteria, except for EPA’s polymer exclusion criteria, is discussed fartherbelow.
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It should be noted, although that-evenit-a HMW polymer satisties the sategers-boundary criteria
for the category, there may be other hazards under the conditions for use of the chemical
substance due to low molecular weight components, residuals, impurities, and/or potential

metabolites that are considered, and may ultimately be the critical effect, used to quantity risks.

Respirable particles are those chemical substances with a particle size of less than or equal to 10
pum. The cutoff of 10 pm, as defined by EPA 1n its “Air Quality Criteria for Particulate Matter”,
represents “particles collected by a sampler with an upper 50% cut point of 10 um D,
[aerodynamic diameter] and a specific, fairly sharp, penetration curve” [ ADDIN EN.CITE
<EndNote><Cite><Author>EP A</Author><Year>2004</Year><RecNum>50</RecNum><Dis
playText>[23]</DisplayText><record><rec-number>50</rec-number><foreign-keys><key
app="EN" db-id="xs0a9%0va7aastwexSaev0dvypOtS9staSdae"
timestamp="1595790424">50</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>EPA</author></authors></contributors><titles><title>A
ir Quality Criteria for Particulate Matter, Volume I of [I</title><secondary-title>Office of
Research and Development, U.S. Environmental Protection Agency, Research Triangle Parlk,
North Carolina</secondary-title></titles><periodical><full-title>Office of Research and
Development, U.S. Environmental Protection Agency, Research Triangle Park, North
Carolina</full-title></periodical><pages>900,
http://ofmpub.epa.gov/eims/eimscomm.gettfile?p download 1d=435945</pages><volume>EPA/
600/P-
99/002aF</volume><dates><year>2004</year></dates><urls></urls></record></Cite></EndN

ote>]. However, depending on the sampling method and size fraction collected, the sample may
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contain particles between 10 and 30 um diameter that are excluded from the 10 pm D, fraction |
ADDIN EN.CITE
<EndNote><Cite><Author>EP A</Author><Y ear>2004</Y ear><RecNum>50</RecNum><Dis
playText>[23]</Displaylext><record><rec-number>50</rec-number><foreign-keys><key
app="EN" db-id="xs0a90va7aastwex5aevOdvypOtS9staSdae"
timestamp="1595790424">50</key></toreign-keys><ref-type name="Journal Article">17</ret-
type><contributors><authors><author>EPA</author></authors></contributors><titles><title>A
ir Quality Criteria for Particulate Matter, Volume I of [I</title><secondary-title>Oftice of
Research and Development, U.S. Environmental Protection Agency, Research Triangle Park,
North Carolina</secondary-title></titles><periodical><full-title>Office of Research and
Development, U.S. Environmental Protection Agency, Research Triangle Park, North
Carolina</full-title></periodical><pages>900,
http://ofmpub.epa.gov/eims/eimscomm.getfile?p download 1d=435945</pages><volume>EPA/
600/P-

99/002 aF</volume><dates><year>2004</year></dates><urls></urls></record></Cite></EndN
ote>]. In comparison, occupational health organizations rely on unified size fraction definitions
based on the upper size suts-of particles and entry into the ditferent regions of the respiratory
tract. For example, the American Conference of Governmental Industrial Hygienists (ACGIH)
considers 10 pm D, particles as an upper limit for particles with-this-size-entering the alveolar
region [ ADDIN EN.CITE

<EndNote><Cite><Author>ACGIH</Author><Year>1999</Y ear><RecNum>52</RecNum><
DisplayText>[24]</DisplayText><record><rec-number>52</rec-number><foreign-keys><key

app="EN" db-1d="xs0a90va7aastwexSaev0dvyp0t59staSdae"
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timestamp="1595791048">52</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>ACGIH</author></authors></contributors><titles><title
>Particle Size-Selective Sampling for Health-Related Aerosols</title><secondary-
title>American Conference of Governmental Industrial Hygienists, Air Sampling Procedures
Committee, Ed. Vincent, J.H.</secondary-title></titles><periodical><full-title>American
Conference of Governmental Industrial Hygienists, Air Sampling Procedures Committee, Ed.
Vincent, J.H.</full-title></periodical><pages>240,
https://www.acgih.org/forms/store/ProductFormPublic/particle-size-selective-sampling-for-
particulate-air-contaminants</pages><volume>ISBN 1-1882417-30-
S<ivolume><dates><year>1999</year></dates><urls></urls></record></Cite></EndNote>].
#n still air, 10 um spherical particles with a density of 1 g/cm® can remain airborne for
approximately 8 minutes [ ADDIN EN.CITE
<EndNote><Cite><Author>Baron</Author><Year>2004</Year><RecNum>53</RecNum><Di
splayText>[25]</DisplayText><record><rec-number>53</rec-number><foreign-keys><key
app="EN" db-id="xs0a90va7aastwex5aevOdvypOtS9staSdae"
timestamp="1595791478">53</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>Baron,

P .</author></authors></contributors><titles><title>Generation and Behavior of Airborne
Particles (Aerosols)</title><secondary-title>>Division of Applied Technology, National Institute
for Occupational Safety and Health, Centers for Disease Control and Prevention</secondary-
title></titles>><periodical><full-title>Division of Applied Technology, National Institute for

Occupational Safety and Health, Centers for Disease Control and Prevention</full-
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title></periodical><pages>40,

https://www.cdc.gov/niosh/topics/aerosols/pdfs/aerosol 101.pdf</pages><dates><year>2004</y
ear></dates><urls></urls></record></Cite></EndNote> |- Hewever, and as particle size
decreases, the airborne settling time increases (e.g., approximately 1.5 hours for 3 pum particles to
settle in still air) | ADDIN EN.CITE
<EndNote><Cite><Author>Baron</Author><Year>2004</Year><RecNum>53</RecNum><Di
splayText>[24, 25]</DisplayText><record><rec-number>53</rec-number><foreign-keys><key
app="EN" db-1d="xs0a9%0va7aastwexSaev0dvyp0Ot59staSdae"
timestamp="1595791478">53</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>Baron,
P.</author></authors></contributors><titles><title>Generation and Behavior of Airborne
Particles (Aerosols)</title><secondary-title>Division of Applied Technology, National Institute
for Occupational Safety and Health, Centers for Disease Control and Prevention</secondary-
title></titles><periodical><full-title>Division of Applied Technology, National Institute for
Occupational Safety and Health, Centers for Disease Control and Prevention</tull-
title></periodical><pages>40,

https://www.cdc.gov/niosh/topics/aerosols/pdfs/aerosol 101.pdf</pages><dates><year>2004</y
ear></dates><urls></urls></record></Cite><Cite><Author> ACGIH</ Author><Year>1999</Y
car><RecNum>52</RecNum><record><rec-number>52</rec-number><foreign-keys><key
app="EN" db-1d="xs0a%0va7aastwexSaevOdvypOtS9sta5dac"
timestamp="1595791048">52</key></toreign-keys><ref-type name="Journal Article">17</ret-
type><contributors><authors><author>ACGIH</author></authors></contributors><titles><title

>Particle Size-Selective Sampling for Health-Related Aerosols</title><secondary-
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title>American Conference of Governmental Industrial Hygienists, Air Sampling Procedures
Committee, Ed. Vincent, J.H.</secondary-title></titles><periodical><full-title>American
Conterence of Governmental Industrial Hygienists, Air Sampling Procedures Committee, Ed.
Vincent, J.H.</full-title></periodical><pages>240,
https://www.acgih.org/forms/store/ProductFormPublic/particle-size-selective-sampling-for-
particulate-air-contaminants</pages><volume>ISBN 1-1882417-30-
S</volume><dates><year>1999</year></dates><urls></urls></record></Cite></EndNote>].
Therefore, solids with even a small fraction of respirable particles may produce prolonged and
monitoring data provide the-srest-direst-assurance that airborne levels of respirable particles do
not exceed relevant exposure limits, particle size distribution data are typically the only metric
available for estimating potential respirability for new chemical substances. Given this limitation
and the-reality-that seasbrallsolid particulate materials may contain some percentage of
respirable particles, a practical screening cutoff is warranted for category inclusion/exclusion.
For the purposes of this category, we propose that HMW polymers are considered respirable if
they are manufactured, processed, used, efc., in a manner that generates the new chemical
substance with a particle or aerosol size of less than or equal to 10 um or if respirable particles
may be unintentionally generated during the life cycle of the material (e.g., impaction and

friction during transport). Under the latter scenarios, a-practical-guiott-ef >particles that are

greater than or equal to 1% respirable particles by weight (wt%) based on particle size

distribution data for the matenial s the practical as-the-cutoff for assessing respirable particles
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nanoscale materials [ ADDIN EN.CITE

<EndNote><Cite><Author>EP A</Author><Year>2017</Y ear><RecNum>54</RecNum><Dis
playText>[26]</DisplayText><record><rec-number>54</rec-number><foreign-keys><key
app="EN" db-id="xs0a%0va7aastwex5aev0dvypOt59staSdae"
timestamp="1595791830">54</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>EP A</author></authors></contributors><titles><title>C
hemical Substances When Manufactured or Processed as Nanoscale Materials; TSCA Reporting
and Recordkeeping Requirements</title><secondary-title>Federal Register</secondary-
title></titles>><periodical><full-title>Federal Register</full-title></periodical><pages>3641-
3655</pages><volume>82</volume><number>8</number><dates><year>2017</year></dates>
particle/droplet size distribution in-the-case-offor aerosols of a solid or liguid chemical substance
and would be determined based on droplet size data for the material and/or liquid application

method (e.g., spray, aerosol, mist).

EPA’s Functional Group (FG) and Functional Group Hqumvalent Weight (FGEW) criteria for E1

polymers provide a starting point for evaluating the potential reactivity and/or cytotoxicity of
HMW polymers. Therefore, we propose using these criteria as an initial screen for determining
whether a HMW polymer is considered non-reactive and included or reactive and inelunded-or
excluded from the category;-respeetively. As shown in [ REF _Ref46665925 \h \*
MERGEFORMAT ], the E1 polymer exemption criteria include low-concern, moderate-concern,

levels is shown in [ REF _Ref46674358 \h \* MERGEFORMAT |.
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Figure [ SEQ Figure \* ARABIC ]. FG hazard concern levels for polymeric substances meeting
EPA’s E1 polymer exemption criteria. The FGs shown above are representative alerts for
identifying a HMW polymer as non-reactive (low concern)/reactive (moderate or high concern)
for the HMW polymer category. The following cutoffs are proposed as the category boundaries
for establishing that a HMW polymer is non-reactive: low-concern FGs (no limit), moderate-
concern FGs (FGEW > 1,000), or high-concern FGs (FGEW > 5,000). “R” represents an
undefined structure; “X” represents a halide. See: EPA (1997) [ ADDIN EN.CITE
<EndNote><Cite><Author>EP A</Author><Year>1997</Year><RecNum>36</RecNum><Dis

playText>[5]</DisplayText><record><rec-number>36</rec-number><foreign-keys><key
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app="EN" db-id="xs0a90va7aastwex5aevOdvypOtS9staSdae"
timestamp="1595771575">36</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>EPA</author></authors></contributors><titles><title>P
olymer Exemption Guidance Manual</title><secondary-title>Office of Pollution Prevention and
Toxics, U.S. Environmental Protection Agency, 1200 Pennsylvania Ave., NW, Washington, DC
20460</secondary-title></titles><periodical><full-title>Office of Pollution Prevention and
Toxics, U.S. Environmental Protection Agency, 1200 Pennsylvania Ave., NW, Washington, DC
20460</full-title></periodical><pages>54, https://www.epa.gov/sites/production/files/2015-
03/documents/polyguid.pdf</pages><volume>EPA 744-B-97-

001 </volume><dates><year>1997</year></dates><urls></urls></record></Cite></EndNote>]

for further details.

A generatlyrecognized-property of respirable, low reactive (i.e., low toxicity) particles that can

may cause lung overload is the poorly soluble nature of these compounds. EPA has published
general water solubility classifications, which include: negligible solubility (i.e., < 0.1 mg/L),
slight solubility (i.e., > 0.1 - 100 mg/L), moderate solubility (i.e., > 100 - 1,000 mg/L), soluble (>
1,000 - 10,000 mg/L), and very soluble (> 10,000 mg/L) | ADDIN EN.CITE
<EndNote><Cite><Author>EP A</Author><Year>2012</Year><RecNum>56</RecNum><Dis
playText>[27]</DisplayText><record><rec-number>56</rec-number><foreign-keys><key
app="EN" db-1d="xs0a%0va7aastwexSaevOdvypOtS9sta5dac"
timestamp="1595792442">56</key></toreign-keys><ref-type name="Journal Article">17</ret-
type><contributors><authors><author>EPA</author></authors></contributors><titles><title>S

ection 5. Estimating Physical/Chemical and Environmental Fate Properties with EPI SuiteTM,

[PAGE ]

ED_005294A_00000413-00044



Sustainable Futures/P2 Framework Manual</title><secondary-title>Office of Pollution
Prevention and Toxics, U.S. Environmental Protection Agency, 1200 Pennsylvania Ave., NW,
Washington, DC 20460</secondary-title></titles><periodical><full-title>Office of Pollution
Prevention and Toxics, U.S. Environmental Protection Agency, 1200 Pennsylvania Ave., NW,
Washington, DC 20460</full-title></periodical><pages>22,
https://www.epa.gov/sites/production/files/2015-05/documents/05. pdf</pages><volume>EPA-
748-B12-
001</volume><dates><year>2012</year></dates><urls></urls></record></Cite></EndNote>].
These values were not established for evaluating the solubility of particles for lung overload;
however, they may be used as conservative cutoffs for extractability, per OECD TG 120 |
ADDIN EN.CITE
<EndNote><Cite><Author>OECD</Author><Year>2000</Year><RecNum>55</RecNum><D
isplayText>[28]</DisplayText><record><rec-number>55</rec-number><foreign-keys><key
app="EN" db-id="xs0a9%0va7aastwexSaev0dvypOtS9staSdae"
timestamp="1595792078">55</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>OECD</author></authors></contributors><titles><title
>Solution/Extraction Behaviour of Polymers in Water</title><secondary-title>OECD Guideline
for Testing of Chemicals</secondary-title></titles><periodical><full-title>OECD Guideline for
Testing of Chemicals</full-title></periodical><pages>4, https://www.oecd-
ilibrary.org/environment/oecd-guidelines-for-the-testing-of-chemicals-section-1 -physical-
chemical-
properties20745753</pages><volume>120</volume><dates><year>2000</year></dates><urls

><urls></record></Cite></EndNote>], for measuring the insolubility/solubility of HMW
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polymers. ECETOC (2013) [ ADDIN EN.CITE
<EndNote><Cite><Author>ECETOC</Author><Year>2013</Year><RecNum>9</RecNum><
DisplayText>[29]</DisplayText><record><rec-number>9</rec-number><foreign-keys><key
app="EN" db-id="xs0a%0va7aastwex5aev0dvypOt59staSdae"
timestamp="1590845309">9</key></foreign-keys><ref-type name="Report">27</ref-
type><contributors><authors><author>ECETOC</author></authors></contributors><titles><tit
le>Poorly Soluble Particles / Lung Overload</title></titles><pages>130,
http://www.ecetoc.org/wp-content/uploads/2014/08/ECETOC-TR-122-Poorly-Soluble-Particles-
Lung-Overload.pdf</pages><number>Technical Report No.
122</number><dates><year>2013</year><pub-dates><date>December 2013</date></pub-
dates></dates><pub-location>Brussels, Belgnim</pub-location><publisher>Furopean Centre
for Ecotoxicology and Toxicology of Chemicals</publisher><work-type>Technical
Report</work-type><urls><related-urls><url>http://www.ecetoc.org/wp-
content/uploads/2014/08/ECETOC-TR-122-Poorly-Soluble-Particles-Tung-
Overload.pdt</url></related-urls></urls></record></Cite></EndNote>] proposed an initial
biosolubility screening approach that provided qualitative determinants (i.e., “soluble”,
“mnsoluble”, “Low dissolution rate”, or “Very high dissolution rate™) for assessing biosolubility;
however, no quantitative thresholds were provided. In comparison, the International Commission
on Radiological Protection (ICRP) and the German Federal Institute for Occupational Safety and
Health (FIOSH) provided quantitative biosolubility cutotfs. ICRP describes three categories of
soluble radiological materials: Fast (all material rapidly dissolves at a rate of 100 day™'),
Moderate (10% of the material dissolves rapidly and the rest dissolves at a rate of 0.005 day™),

and Slow (0.1% of the material dissolves rapidly and the rest dissolves at a rate of 0.0001 day™) [
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ADDIN EN.CITE

<EndNote><Cite><Author>ICRP</Author><Year>1994</Y ear><RecNum>26</RecNum><Dis
playText>[20]</DisplayText><record><rec-number>26</rec-number><foreign-keys><key
app="EN" db-id="xs0a%0va7aastwex5aev0dvypOt59staSdae"
timestamp="1590848620">26</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>ICRP</author></authors></contributors><titles><title>
Human respiratory tract model for radiological protection. A report of a Task Group of the
International Commission on Radiological Protection</title><secondary-title>Ann
ICRP</secondary-title><alt-title>Annals of the ICRP</alt-title></titles><periodical><full-
title>Ann ICRP</full-title><abbr-1>Annals of the ICRP</abbr-1></periodical><alt-
periodical><full-title>Ann ICRP</full-title><abbr-1>Annals of the ICRP</abbr-1></alt-
periodical><pages>1-482</pages><volume>24</volume><number>1-
3</number><edition>1994/01/01</edition><keywords><keyword>Humans</keyword><keywo
rd>International Cooperation</keyword><keyword>*Models,
Theoretical</keyword><keyword>Neoplasms, Radiation-
Induced/*etiology/pathology/physiopathology</keyword><keyword>Radiation
Dosage</keyword><keyword>*Radiation Monitoring</keyword><keyword>*Radiation
Protection</keyword><keyword>Radioactive Pollutants</keyword><keyword>Respiratory
System/pathology/physiopathology/*radiation effects</keyword><keyword>Respiratory Tract
Neoplasms/*etiology/pathology/physiopathology</keyword></keywords><dates><year>1994</
year></dates><isbn>0146-6453 (Print)&#xD;0146-6453</isbn><accession-
num>7726471</accession-num><urls><related-

urls><url>https:/journals.sagepub.com/doi/pdt/10.1177/ANIB_24 1-3</url></related-
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urls></urls><remote-database-provider>NLM</remote-database-
provider><language>eng</language></record></Cite></EndNote>]. FIOSH proposed a
simulated solubility threshold of < 1 mg/L in artificial lung tluids for identifying particles as
“low soluble dusts” | ADDIN EN.CITE
<EndNote><Cite><Author>BAUA</Author><Year>2017</Year><RecNum>57</RecNum><D
isplayText>[30]</DisplayText><record><rec-number>57</rec-number><foreign-keys><key
app="EN" db-1d="xs0a%0va7aastwexS5aev0dvypOtS9sta5dae"
timestamp="1595794599">57</key></toreign-keys><ref-type name="Journal Article">17</ret-
type><contributors><authors><author>B AUA</author></authors></contributors><titles><title
>Methodology for the Identification of Granular Biopersistent Particles (GBP) at
Workplaces</title><secondary-title>Federal Institute for Occupational Safety and
Health</secondary-title></titles><periodical><full-title>Federal Institute for Occupational
Safety and Health</full-title></periodical><pages>103,
https://www.baua.de/EN/Service/Publications/Report/F2336.pdf</pages><dates><year>2017</y

ear></dates><urls></urls></record></Cite></EndNote>].

As discussed previously, the screening particle size cutoff and percentage of respirable particles
for inclusion in this HMW polymer category are < 10 um and > 1 wt%, respectively. These
criteria are readily determinable based on the intended use and life cycle of the HMW polymer.
However, determining whether a HMW polymer is “poorly soluble” and a potential hazard
concern for lung overload is also dependent on the potential daily exposure estimates. Therefore,
we propose using the inclusion/exclusion cutoffs shown in [ REF _Ref46673847 \h \*

MERGEFORMAT ], which consider water extractability/biosolubility and the legally binding
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permissible exposure limit (PEL), as mandated by the U.S. Occupational Safety and Health
Administration (OSHA) for respirable particulates not otherwise regulated or PNOR (i.e., 5

mg/m’).

Scheme | SEQ Scheme \* ARABIC ]. Screening criteria for determining water extractability
and biosolubility.

HMW Polymer

{e.g., MAMW > 10,000 Daltonsy

| »
l Water extractable )M;

< 100 mg/L

L d

ige | s > 100 mg/L
Amﬁ?"“i gi\{golag“ﬂmd | Excluded
{£.z.. Gamble’s schution or SELF)

< 100 mg/L

3

Artificial lysosomal finid

< | mg/L

¥

Poorly soluble

The proposed cutoffs shown in Scheme 1 are based on the following considerations. The first
sereen-step 1s water extractability using the cutoft for moderately water-soluble substances.
While the screen is intended to identify insoluble (i.e., non-extractable) HMW polymers, the
EPA water solubility classifications were not specifically established to identity potential

acorrelated with

hazards related to lung overload and have not been es
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biosolubility or biopersistence. Theretore, EPA’s cutoff for moderate water solubility (i.e., 100

mg/L) was selected-rathe off, since it re

from-shight-to-mederate watersolubility-and-is therefore-expected to be conservatively inclusive

wr-the-first-step-becausewater extractability is-generally-expestedand to overestimate the

insolubility of polymers in biological fluids. In the second sereenstep, tweo-biosolubility cutofts
may-be-usedare either 100 mg/L or 1 mg/L, depending on the test system used (e.g., simulated
epithelial lang fluid or artificial alveolar macrophage lysosomal tluid). These values account for
the biosolubility of the HMW polymer, as well as the OSHA PNOR PEL of 5 mg/m’® (i.e., 50

mg/day; 5 mg/m® x 10 m’/day) for the respirable fraction. The firstwva

[ ADDIN EN.CITE

<EndNote><Cite><Author>EPA</Author><Year>2020</Y ear><RecNum>75</RecNum><Dis
playText>[31]</DisplayText><record><rec-number>75</rec-number><foreign-keys><key
app="EN" db-1d="xs0a%0va7aastwexSaevOdvypOtS9staSdae"
timestamp="1595843741">75</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>EPA</author></authors></contributors><titles><title>R
evocation of Significant New Use Rule for a Certain Chemical Substance (P-16-581), Proposed
rule</title><secondary-title>Federal Register</secondary-title></titles><periodical><full-
title>Federal Register</full-title></periodical><pages>18179-
18181</pages><volume>85</volume><number>63</number><dates><year>2020</year></dat
es><urls></urls></record></Cite></EndNote>|;where the-Agensy-apphed-a-biosolubility cutoft
of approximately 100 mg/I./day for a polymer in simulated epithelial lung fluid - Thisvalue
weuld-equates to a mean dissolution rate of approximately 72 mg/day in humans, based on an

estimated daily alveolar fluid turnover of 0.72 L [ ADDIN EN.CITE
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<EndNote><Cite><Author>Fronius</Author><Year>2012</Y ear><RecNum>58</RecNum><
DisplayText>[32]</DisplayText><record><rec-number>58</rec-number><foreign-keys><key
app="EN" db-id="xs0a90va7aastwex5aevOdvypOtS9staSdae"
timestamp="1595795295">58</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>Fronius, M.</author><author>Clauss,
W.G.</author><author>Althaus, M.</author></authors></contributors><titles><title>Why do
we have to move fluid to be able to breath?</title><secondary-title>Frontiers in
Physiology</secondary-title></titles>><periodical><full-title>Frontiers in Physiology</full-
title></periodical><pages>5,
https://www.ncbi.nlm.nth.gov/pme/articles/PMC3357553/pdf/fphys-03-

00146 pdf</pages><volume>3</volume><dates><year>2012</year></dates><urls></urls></re
cord></Cite></EndNote>]. The second value is based on the German FIOSH biosolubility cutoff
of 1 mg/L for granular biopersistent particles. We propose application of this cutoff as a
surrogate for estimating the biosolubility HMW polymers in the lysosomes of alveolar

macrophages (e.g., artificial lysosomal fluid).

The above screening criteria for respirability, reactivity, and biosolubility provide a framework
for determining inclusion/exclusion from the HMW polymer category, as shown in Scheme 2.
The screening criteria may be used for determining whether further evaluation of the new
chemical substance is warranted using the tiered-testing strategy discussed later in this

document.
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Scheme | SEQ Scheme \* ARABIC ]. Framework for determining whether a chemical

substance is included/excluded from the HMW polymer category.

Step 1. Is the
substance a HMW
polviner?
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Based on the above information, the HMW polymer category was defined to include a variety of
respirable, non-reactive (i.e., low toxicity), and poorly soluble HMW (i.e., > 10,000 Daltons)
materials, which meet the above-stated-criteria for these parameters. HMW polymers meeting
these-critenia-are-these-which-are typically formed through various polymerization processes-
Chemical substances, included are-branched and linear polymers, as well as co-polymers
produced by random, block, graft, or other techniques. Crosslinked polymers were included in
the category because crosslinking can decrease water solubility, but crosslinking was not
necessary for inclusion. Therefore, the representative members of this category were refined to
include polyacrylates/methacrylates, polyvinyl polymers, polyamides, and
polyurethanes/polyureas. The water-dispersible forms polyacrylates/metacrylates and
polyurethanes/polyureas would not present hazards for lung overload and are not included in the
HMW polymer category [ ADDIN EN.CITE  ADDIN EN.CITE.DATA |; however, despite
their exclusion from the category, they would need to be assessed for other potential hazard
concerns. A summary of the structural features of these chemical substances and the chemical

boundaries that were established is shown in | REF Ref46674591 ‘th \* MERGEFORMAT .
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[ EMBED ChemDraw.Document.6.0 |

Figure [ SEQ Figure \* ARABIC ]. Representative members of the HMW polymer category.
Structure A, on the left, is representative of polyacrylate/methacylate members, where R is H or
methyl; R” and R’ are typically alkyl or substituted alkyl, although there are currently no limits
on the substituents. However, charged groups such as carboxyl groups or amine groups would
tend to make the polymer dispersible in water rather than insoluble in water. R’ may be the same
as R’ or different. This example represents a polymer containing one or two monomers,
although sub-category members may comprise any mumber of monomers. Acrylamide and

right, is representative of polyvinyl members, where R is H or C1-C > 20. R’ is typically methyl,
CN, acetyloxy, Ph or Cl, although there are no current limits on R’. R’ may be the same as R’ or
different. This example represents a polymer containing one or two monomers, although sub-
category members may comprise any number of monomers. Copolymers (e.g., including both
acrylate/methacrylate and vinyl monomers) are also members of this category. Structure C, on
the bottom, is representative of the polyamides group and is made of condensation polymers in

which the linkages are all amide functional groups. An example is polycaprolactam, shown.

Hazard Identification
TSCA and its implementing regulations do not require upfront testing on new chemical
substances. Therefore, when assessing new chemical substances, EPA generally identities

toxicological analogues to inform the potential hazards for the new chemical substances. The
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systematic review of the literature was used to identify inhalation studies that assessed endpoints
indicative of “overload” for potential toxicological analogues. For the purpose of defining this
chemical category, overload has the same definition as identified by EPA (1996) [ ADDIN
EN.CITE

<EndNote><Cite><Author>EP A</Author><Year>1996</Year><RecNum>59</RecNum><Dis
playText>[35]</DisplayText><record><rec-number>59</rec-number><foreign-keys><key
app="EN" db-1d="xs0a%0va7aastwexSaevOdvypOtS9sta5dac"
timestamp="1595797014">59</key></toreign-keys><ref-type name="Journal Article">17</ret-
type><contributors><authors><author>EPA</author></authors></contributors><titles><title>A
ir Quality Criteria for Particulate Matter, Volume II of HI</title><secondary-title>Oftice of
Research and Development, U.S. Environmental Protection Agency, Washington, DC
20460</secondary-title></titles><periodical><full-title>Office of Research and Development,
U.S. Environmental Protection Agency, Washington, DC 20460</full-
title></periodical><pages>774,

http://ofmpub.epa.gov/eims/eimscomm.getfile?p download id=219821</pages><volume>EPA/
600/P-
95/001bF</volume><dates><year>1996</year></dates><urls></urls></record></Cite></EndN
ote>]: “This is defined as the overwhelming of macrophage-mediated clearance by the deposition
of particles at a rate which exceeds the capacity of that clearance pathway. It is a nonspecific
effect noted in experimental studies, generally in rats, using many different kinds of poorly
solable particles (including TiO, volcanic ash, diesel exhaust particles, carbon black, and fly
ash) and results in A [alveolar] region clearance slowing or stasis, with an associated

inflammation and aggregation of macrophages in the lungs and increased translocation of
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particles into the interstitium.” The relevant studies ntitied-are summarized below,
followed by the selection of studies on toxicological analogues that may serve as representative

points of departure for assessing the potential hazard for overload ef-semetfor new chemical

substances.

Human Data

The hazard concerns discussed herem-are limited to chronic effects in the lower respiratory tract
of rats exposed to HMW polymers. Epidemiological studies have shown increased lung burdens
in workers chronically exposed to poorly soluble particles (PSPs), such as former coal miners;
adjustments are not made for kinetic differences in clearance and retention [ ADDIN EN.CITE
ADDIN EN.CITE.DATA ]. This is consistent with findings from well-conducted
epidemiological studies, which have not identified an association between occupational exposure
to PSPs and an increased cancer risk. Oberdorster (1995) [ ADDIN EN.CITE
<EndNote><Cite><Author>Oberdorster</Author><Year>1995</Year><RecNum>60</RecNum
><DisplayText>|36]</DisplayText><record><rec-number>60</rec-mumber><foreign-
keys><key app="EN" db-id="xs0a90va7aastwexSaev0dvyp0t59stasSdae"”
timestamp="1595797677">60</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>Oberdorster,

G .</author></authors></contributors><titles><title>Lung Particle Overload: Implications for
Occupational Exposures to Particles</title><secondary-title>Regul Toxicol
Pharmacol</secondary-title></titles><periodical><tull-title>Regul Toxicol Pharmacol</full-

title></periodical><pages>123-
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135</pages><volume>27</volume><dates><year>1995</year></dates><urls></urls></record>
</Cite></EndNote>] concluded that “evidence in humans suggest that particle-overloaded lungs,
e.g., in coal workers, respond with fibrosis, but no increased incidence in lung tumors has been
found in this group”. It has also been reported that “epidemiological data from production
workers demonstrate no correlation between PSP exposure and lung cancer or other non-
malignant respiratory diseases” [ ADDIN EN.CITE  ADDIN EN.CITE.DATA ]. Though
these investigations focused on PSPs, the available, yet limited data on HMW polymers provide
comparable results. For example, in a recent retrospective study of Xerox workers employed
between 1960 and 1982, workers exposed to toner did not show an increased risk of “all-cause”
or “cause-specific” mortality. The categories evaluated included cancer (e.g., lung), diabetes,

cardiovascular disease, and others [ ADDIN EN.CITE  ADDIN EN.CITE.DATA . Aside

from this one epidemiological study on toner exposures, the
evaluation petential-hezardsfremot exposures to HMW polymers were limited to inhalation
studies conducted in experimental animals as summarized below and described in further detail
in Section 2 “Experimental Animal Inhalation Studies on HMW Polymers” of the Supplemental

Information file.

Animal Data - Noncancer Effects

Inhalation studies performed in rats and hamsters have demonstrated effects ranging from
inflammation to fibrosis after inhalation exposure to several HMW polymers including print
toners comprised largely of styrene/butylmethacrylate copolymer and polyvinyl chloride dust.

Several of these studies were conducted according to validated test guidelines and under good
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laboratory practice (GLP) standards, and in some cases published in the peer-reviewed literature.

A summary of these studies is provided below.

A series of sub-chronic and chronic studies were performed to test the inhalation effects of a
water-insoluble styrene/butylmethacrylate polymer (the primary component of toner used in
copy machines) of MW 70,000 in rats. In a subchronic 13-week study, rats were exposed to
aerosol concentrations of toner at 0, 1, 4, 16, and 64 mg/m® (MMAD = 4 um; GSD = 1.5; density
=1.15 g/em®) for 6 hours/day, 5 days/week. Dose-related increased lung weight and histological
lesions (thickening of alveolar structure due to hypertrophy and hyperplasia of Type II cells)
were seen in animals exposed to 16 and 64 mg/m®. These exposure concentrations also resulted
in a dose-related decrease in lung clearance, as measured by the retained quantity of the test
substance in excised lungs, and increased lung particle burden [ ADDIN EN.CITE
<EndNote><Cite><Author>Muhle</Author><Year>1990</Y ear><RecNum>14</RecNum><Di
splayText>[39]</DisplayText><record><rec-number>14</rec-number><foreign-keys><key
app="EN" db-id="xs0a%0va7aastwex5aev0dvypOt59staSdae"
timestamp="1590846288">14</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>Muhle, H.</author><author>Bellmann,
B.</author><author>Creutzenberg, O.</author><author>Fuhst, R.</author><author>Koch,

W .</author><author>Mohr, U.</author><author>Takenaka, S.</author><author>Morrow,

P </author><author>Kilpper, R.</author><author>Mackenzie,
J.</author><author>Mermelstein,
R.</author></authors></contributors><titles><title>Subchronic Inhalation Study of Toner in

Rats</title><secondary-title>Inhalation Toxicology</secondary-title></titles><periodical><full-
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title>Inhalation Toxicology</full-title></periodical><pages>341-
360</pages><volume>2</volume><number>4</number><dates><year>1990</year></dates><
urls></urls><electronic-resource-num>https://doi.org/10.3109/08958379009145262</electronic-

resource-num></record></Cite></EndNote>]. The NOAEC from this study was 4 mg/m’.

Bellmann ef a/. (1992) [ ADDIN EN.CITE
<EndNote><Cite><Author>Bellmann</Author><Year>1992</Year><RecNum>4</RecNum><
DisplayText>[40]</DisplayText><record><rec-mumber>4</rec-mumber><foreign-keys><key
app="EN" db-1d="xs0a%0va7aastwexSaevOdvypOtS9sta5dac"
timestamp="1590844601">4</key></foreign-keys><ret-type name="Journal Article">17</ref-
type><contributors><authors><author>Bellmann, B.</author><author>Muhle,
H.</author><author>Creutzenberg, O.</author><author>Mermelstein,
R.</author></authors></contributors><auth-address>Fraunhoter-Institut fur Toxikologie und
Aerosolforschung, Hannover, Germany. </auth-address><titles><title>Irreversible pulmonary
changes induced in rat lung by dust overload</title><secondary-title>Environ Health
Perspect</secondary-title></titles><periodical><full-title>Environ Health Perspect</full-
title></periodical><pages>189-
91</pages><volume>97</volume><edition>1992/07/01</edition><keywords><keyword>Anim
als</keyword><keyword>Bronchoalveolar Lavage
Fluid/*enzymology/*pathology</keyword><keyword>Cell
Count</keyword><keyword>Dust</keyword><keyword>Environmental Exposure/*adverse
effects</keyword><keyword>Female</keyword><keyword>Glucuronidase/metabolism</keywo

rd><keyword>L-Lactate Dehydrogenase/metabolism</keyword><keyword>Lung/*drug
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effects/enzymology</keyword><keyword>Macrophages/*drug
effects/pathology/physiology</keyword><keyword>Phagocytosis/drug
effects</keyword><keyword>Polymers/*adverse
effects</keyword><keyword>Rats</keyword><keyword>Time
Factors</keyword></keywords><dates><year>1992</year><pub-
dates><date>Jul</date></pub-dates></dates><isbn>0091-6765 (Print)&#xD;0091-6765
(Linking)</isbn><accession-num>1396457</accession-num><urls><related-
urls><url>https://www.nebinlm.nih. gov/pubmed/1396457</url></related-
urls></urls><custom2>PMC151953 1</custom2>><electronic-resource-
num>10.1289/ehp.9297189</electronic-resource-num></record></Cite></EndNote>] performed
ADDIN EN.CITE

<EndNote><Cite><Author>Muhle</Author><Year>1990</Y ear><RecNum>14</RecNum><Di
splayText>[39]</DisplayText><record><rec-number>14</rec-number><foreign-keys><key
app="EN" db-id="xs0a%0va7aastwex5aev0dvypOt59staSdae"
timestamp="1590846288">14</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>Muhle, H.</author><author>Bellmann,
B.</author><author>Creutzenberg, O.</author><author>Fuhst, R </author><author>Koch,

W .</author><author>Mohr, U.</author><author>Takenaka, S.</author><author>Morrow,

P </author><author>Kilpper, R.</author><author>Mackenzie,
J.</author><author>Mermelstein,
R.</author></authors></contributors><titles><title>Subchronic Inhalation Study of Toner in

Rats</title><secondary-title>Inhalation Toxicology</secondary-title></titles><periodical><full-
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title>Inhalation Toxicology</full-title></periodical><pages>341-
360</pages><volume>2</volume><number>4</number><dates><year>1990</year></dates><
urls></urls><electronic-resource-num>https://doi.org/10.3109/08958379009145262</electronic-
resource-num></record></Cite></EndNote>] and included an extended 15-month post-exposure
meonitoring period. Rats were exposed to aerosel concentrations of toner at 0, 10, or 40 mg/m®
(MMAD = 4 um; GSD = 1.5; density = 1.15 g/cm®) for 6 hours/day, 5 days/week. The study
authors measured retention of the toner in the lungs and lung-associated lymph nodes (LALN) by
photometric determination in dissolved tissues; clearance was monitored using tracer particles,
and pulmonary effects were identified from enzymatic activities and ditferential cell counts in
bronchoalveolar lavage fluid (BALF). The study authors identitied clearance half-lives of 277
and 2,845 days for the low- and high-dose exposure groups, respectively, and reported
pulmonary effects, as evidenced by increases in protein and enzyme markers of tissue damage in
BALF that were partially reversible at 10 mg/m’ and not reversible at 40 mg/m’ [ ADDIN
EN.CITE
<EndNote><Cite><Author>Bellmann</Author><Year>1992</Year><RecNum>4</RecNum><
DisplayText>[40]</DisplayText><record><rec-number>4</rec-number><foreign-keys><key
app="EN" db-id="xs0a%0va7aastwex5aev0dvypOt59staSdae"
timestamp="1590844601">4</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>Bellmann, B.</author><author>Muhle,
H.</author><author>Creutzenberg, O.</author><author>Mermelstein,
R.</author></authors></contributors><auth-address>Fraunhoter-Institut fur Toxikologie und
Aerosolforschung, Hannover, Germany.</auth-address><titles><title>Irreversible pulmonary

changes induced in rat lung by dust overload</title><secondary-title>Environ Health
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Perspect</secondary-title></titles><periodical><full-title>Environ Health Perspect</full-
title></periodical><pages>189-
91</pages><volume>97</volume><edition>1992/07/01</edition><keywords><keyword>Anim
als</keyword><keyword>Bronchoalveolar Lavage
Fluid/*enzymology/*pathology</keyword><keyword>Cell
Count</keyword><keyword>Dust</keyword><keyword>Environmental Exposure/*adverse
effects</keyword><keyword>Female</keyword><keyword>Glucuronidase/metabolism</keywo
rd><keyword>L-Lactate Dehydrogenase/metabolism</keyword><keyword>Lung/*drug
effects/enzymology</keyword><keyword>Macrophages/*drug
effects/pathology/physiology</keyword><keyword>Phagocytosis/drug
effects</keyword><keyword>Polymers/*adverse
effects</keyword><keyword>Rats</keyword><keyword>Time
Factors</keyword></keywords><dates><year>1992</year><pub-
dates><date>Jul</date></pub-dates></dates><isbn>0091-6765 (Print)&#xD;0091-6765
(Linking)</isbn><accession-nun>1396457</accession-num><urls><related-
urls><url>https://www.ncbinlm.nih. gov/pubmed/ 139645 7</url></related-
urls></urls><custom2>PMC151953 1</custom2><electronic-resource-

num>10.1289/ehp.9297189</electronic-resource-num></record></Cite></EndNote>].

Muhle et al. (1991) | ADDIN EN.CITE

e Formatted: German (Germany)

<EndNote><Cite><Author>Muhle</Author><Year>1991</Year><RecNum>16</RecNum><Di
splayText>[41]</DisplayText><record><rec-number>16</rec-number><foreign-keys><key

app="EN" db-1d="xs0a9%0va7aastwexSaev0dvyp0Ot59staSdae"
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timestamp="1590846537">16</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>Muhle, H.</author><author>Bellmann,
B.</author><author>Creutzenberg, O.</author><author>Dasenbrock,
C.</author><author>Emst, H.</author><author>Kilpper, R.</author><author>Mackenzie, J.
C.</author><author>Morrow, P.</author><author>Mohr, U.</author><author>Takenaka,
S.</author><author>Mermelstein, R </author></authors></contributors><auth-address>Xerox
Corp,Joseph C Wilson Ctr Technol,Corp Environm Hlth, Webster Ny 14580&#xD;Univ
Rochester,Rochester, Ny 14642</auth-address><titles><title>Pulmonary Response to Toner
Upon Chronic Inhalation Exposure in Rats</title><secondary-title>Fandamental and Applied
Toxicology</secondary-title><alt-title>Fund Appl Toxicol</alt-title></titles><periodical><full-
title>Fundamental and Applied Toxicology</tull-title><abbr-1>Fund Appl Toxicol</abbr-
1></periodical><alt-periodical><full-title>Fundamental and Applied Toxicology</full-
title><abbr-1>Fund Appl Toxicol</abbr-1></alt-periodical><pages>280-
299</pages><volume>17</volume><mumber>2</number><keywords><keyword>bronchoalveo
lar lavage fluid<Vkeyword><keyword>diesel
exhaust</keyword><keyword>toxicity</keyword><keyword>clearance</keyword></keywords
><dates><year>1991</year><pub-dates><date>Aug</date></pub-dates></dates><isbn>0272-
0590</isbn><accession-num>WOS: A1991FZ99700006</accession-num><urls><related-
urls><url>&lt;Go to ISI&gt;://WOS:A1991FZ99700006</url></related-urls></urls><electronic-

resource-num>Poi 10.1016/0272-0590(91)90219-T</electronic-resource-

num><language>Fnglish</language></record></Cite></EndNote>] and Bellmann er al. (1991) - Formatted: German (Germany)

[ ADDIN EN.CITE

<EndNote><Cite><Author>Bellmann</Author><Year>1991</Year><RecNum>3</RecNum><
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DisplayText>[42]</DisplayText><record><rec-number>3</rec-number><foreign-keys><key
app="EN" db-id="xs0a%0va7aastwex5aevOdvypOt59staSdae"
timestamp="1590844572">3</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>Bellmann, B.</author><author>Muhle,
H.</author><author>Creutzenberg, O.</author><author>Dasenbrock,
C.</author><author>Kilpper, R.</author><author>MacKenzie, J. C.</author><author>Morrow,
P </author><author>Mermelstein, R.</author></authors></contributors><auth-
address>Fraunhofer-Institut fur Toxikologie und Aerosolforschung, Hannover, Germany.</auth-
address><titles><title>Lung clearance and retention of toner, utilizing a tracer technique, during
chronic inhalation exposure in rats</title><secondary-title>Fundam Appl Toxicol</secondary-
title></titles><periodical><full-title>Fundam Appl Toxicol</full-
title></periodical><pages>300-
13</pages><volume>17</volume><number>2</number><edition>1991/08/01</edition><keyw
ords><keyword>Aerosols</keyword><keyword>Animals</keyword><keyword>Body
Burden</keyword><keyword>Dust/adverse
effects</keyword><keyword>Female</keyword><keyword>Half-
Life</keyword><keyword>Lung/*metabolism</keyword><keyword>Lymph
Nodes/metabolism</keyword><keyword>Male</keyword><keyword>Pulmonary
Alveoli/metabolism</keyword><keyword>Rats</keyword><keyword>Rats, Inbred
F344</keyword><keyword>Sex Factors</keyword><keyword>Silicon
Dioxide/*metabolism</keyword><keyword>Titaniurm/*metabolism</keyword></keywords><d
ates><year>1991</year><pub-dates><date>Aug</date></pub-dates></dates><ishn>0272-0590

(Print)&#xD;0272-0590 (Linking)</isbn><accession-num>1662649</accession-
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num><urls><related-urls><url>https://www.ncbi.nlm.nih. gov/pubmed/ 1 66264 9</url></related-
urls></urlg><electronic-resource-num>10.1016/0272-0590(91)90220-x</electronic-resource-
num></record></Cite></EndNote>] reported findings from a chronic 24-month exposure study
in rats exposed to toner at aerosol concentrations of 0, 1, 4, or 16 mg/m* (MMAD = 4 um; GSD
= 1.5; density = 1.15 g/cm®) for 6 hours/day, 5 days/week. The study was performed according to
OECD No. 453 Combined Chronic Toxicity/Carcinogenicity Studies and-under GLP standards.
The study authors reported dose-related impaired particle clearance, elevated lung particle
burden, and lung eftects (fibrosis, BALF markers of tissue damage, and increased lung weight)

at 4 and 16 mg/m®, with a NOAEC of | mg/m®.

Unpublished subchronic (3 months) and chronic (18 months) hamster studies of the same print
toner tested by Muhle er a/. (1990, 1991) and Bellman ez af. (1991, 1992) [ ADDIN EN.CITE
ADDIN EN.CITEDATA ] showed similar effects simiarto those in rats | ADDIN EN.CITE
ADDIN EN.CITEDATA  |. The unpublished 3-month study was hampered by disease and
mortality unrelated to treatment. In the unpublished 18-month study, the hamsters were exposed
to concentrations of 0, 1.5, 6, or 24 mg/m” for the first 5 months and then concentrations of 0, 4,
16, or 64 mg/m’ for the remaining metest period. At all exposure concentrations, the hamsters
exhibited macrophage accumulation, interstitial inflammatory cell infiltration, and
bronchiolar/alveolar hyperplasia, along with particle deposits and lymphatic hyperplasia in the
LALNSs. At the mid- and high-exposure concentrations, fibrosis and alveolar PMN infiltration
were noted at the end of exposure and/or after the S month post-exposure recovery period; the

highest exposure group also exhibited increased lung weight and effects on BALF parameters
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(increased cell number, macrophage count, LDH, j glucuronidase, total protein, and

hydroxyproline). The LOAEC for this study was in the range of 1.5 to 4 mg/m®.

Mubhle ef al. (1990) [ ADDIN EN.CITE
<EndNote><Cite><Author>Muhle</Author><Year>1990</Y ear><RecNum>13</RecNum><Di
splayText>[46]</DisplayText><record><rec-number>13</rec-number><foreign-keys><key
app="EN" db-1d="xs0a%0va7aastwexS5aev0dvypOtS9sta5daec"
timestamp="1590845894">13</key></toreign-keys><ref-type name="Journal Article">17</ret-
type><contributors><authors><author>Muhle, H.</author><author>Bellmann,
B.</author><author>Creutzenberg, O.</author><author>Heinrich, U.</author><author>Ketkar,
M. </author><author>Mermelstein, R.</author></authors></contributors><titles><title>Dust
overloading of lungs after exposure of rats to particles of low solubility: Comparative
studies</title><secondary-title>Journal of Aerosol Science</secondary-
title></titles><periodical><full-title>Journal of Aerosol Science</full-
title></periodical><pages>374-
377</pages><volume>21</volume><number>3</number><dates><year>1990</year></dates>
<urls></urls><electronic-resource-num>https://doi.org/10.1016/0021-8502(90)90062-
3</electronic-resource-num></record></Cite></EndNote>] performed an eight-month inhalation
study in rats exposed to an aerosol of PVC powder at 0, 3.3, 8.3, or 20.2 mg/m® (MMAD =13
umy; GSD =2.07; density = 1.3 g/em®) for 5 hours/day, 5 days/week. Retention, clearance, and
pulmonary etfects were evaluated, as reported previously by these same authors. Using
radiolabeled (¥*Sr) polystyrene particles as tracers, these authors showed that pulmonary

clearance was significantly decreased in rats after seven months of exposure (25 hours per week)
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to PVC powder at concentrations > 3.3 mg/m®. Mean alveolar clearance half-times increased
with exposure from 1.2-fold higher than controls to 3.2-fold higher than controls at
concentrations from 3.3 to 20.2 mg/nr’. The study authors calculated half-times for alveolar
clearances of 71, 122, and 184 days at exposure concentrations of 3.3, 8.3, and 20.2 mg/m®,
respectively, supporting that lung overload occurred at concentrations > 3.3 mg/m® for this water-

insoluble polymer.

Animal Data - Cancer

Chronic inhalation exposure data specifically pertaining to HMW polymers are limited to a 24-
month rat study of print toner and an 18-month hamster study of print toner [ ADDIN EN.CITE
<EndNote><Cite><Author>Muhle</Author><Year>1991</Year><RecNum>16</RecNum><Di
splayText>[41]</DisplayText><record><rec-number>16</rec-number><foreign-keys><key
app="EN" db-1d="xs0a%0va7aastwexSaevOdvypOtS9staSdae"
timestamp="1590846537">16</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>Muhle, H.</author><author>Bellmann,
B.</author><author>>Creutzenberg, O.</author><author>Dasenbrock,
C.</author><author>Emst, H.</author><author>Kilpper, R.</author><author>Mackenzie, J.
C.</author><author>Morrow, P.</author><author>Mohr, U </author><author>Takenaka,
S.</author><author>Mermelstein, R </author></authors></contributors><auth-address>Xerox
Corp,Joseph C Wilson Ctr Technol,Corp Environm Hlth, Webster Ny 14580&#xD;Univ
Rochester,Rochester, Ny 14642 </auth-address><titles><title>Pulmonary Response to Toner
Upon Chronic Inhalation Exposure in Rats</title><secondary-title>Fandamental and Applied

Toxicology</secondary-title><alt-title>Fund Appl Toxicol</alt-title></titles><periodical><full-
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title>Fundamental and Applied Toxicology</full-title><abbr-1>Fund Appl Toxicol</abbi-
1></periodical><alt-periodical><full-title>Fundamental and Applied Toxicology</full-
title><abbr-1>Fund Appl Toxicol</abbr-1></alt-periodical><pages>280-
299</pages><volume>17</volume><mumber>2</number><keywords><keyword>bronchoalveo
lar lavage fluid</keyword><keyword>diesel
exhaust</keyword><keyword>toxicity</keyword><keyword>clearance</keyword></keywords
><dates><year>1991</year><pub-dates><date>Aug</date></pub-dates></dates><ishn>0272-
0590</isbn><accession-num>WOS: A 1991FZ99700006</accession-num><urls><related-
urls><url>&lt;Go to ISI&gt;://WOS:A1991FZ99700006</url></related-urls></urls><electronic-
resource-num>Doi 10.1016/0272-0590(91)90219-T</electronic-resource-

incidence of tumors incidence was observed in either study; however, interstitial and alveolar
lung pathology has been documented in long-term inhalation studies on these polymers. See

section on “Animal Data - Noncancer Effects” above.

Supporting Information
An in vitro study was identified and reviewed that may be relevant for determining the
reactivity/non-reactivity of HMW polymers that do not meet the initial FG and/or FGEW

screening criteria.

Wiemann et al. (2016) [ ADDIN EN.CITE ADDIN EN.CITE.DATA ] developed an in vitro
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medium incubated with test material 3 -andio assesses toxicity via
measurement of LDH, glucuronidase, and tumor necrosis factor o (TNFa) (after 16 hours
exposure), and hydrogen peroxide (after 1.5 hours)-in-the-cell-culture-supermatant. The authors
tested 18 morganic nanomaterials using the assay, as well as corundum as a negative control and
quartz DQ12 as a positive control. Based on data from short term inhalation studies, each test
material was categorized as either active INOAEC <10 mg/m? for adverse inflammatory action

in a 5-day inhalation study) or passive (i.e., inducing nonspecitic cell overload). The in vitro

assay used a particle surface area-based threshold of <6000 mm™/mL. (calculated as particle or

agglomerate Brunaver Teller and Enmmett [BET] surface arca ¥ mass concentration i ug/mL) io

pafmabyin at least two of the four measured parameters-measured-ursuperaatant. The results for

the nanomaterials tested-showed good sorrespondence-correlation between the in vitro and in

vivo parameters (assay accuracy 95%), suggesting that, the assay could be useful in
distinguishing specitic (“active™) toxicity from nonspecific (“passive” or overload) effects on
alveolar macrophages. Although only nanoparticles were tested by these authors, this assay may
be useful for screening out HMW polymers for inclusion/exclusion in the category, e.g.. those
identified as “active” would be inconsistent with the low-concern level and inclusion in the
category, whereas those identified as “passive” appear to be consistent with inclusion.
Additionally, this assay could be useful for screening polymers with specific toxicities (i.e.,

excluded from overload category) prior to in vive testing of “overload” for passive polymers.
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Quantitative Points of Departure (PODs)

A single epidemiological study of inhaled HMW polymers was identified - the retrospective
study of Xerox workers | ADDIN EN.CITE  ADDIN EN.CITE.DATA | This study did not
report exposure concentrations associated with the evaluated health outcomes and is theretfore

not useful for determining quantitative PODs for pulmonary etfects of HMW polymers.

A summary of animal studies documenting pulmonary effects atter exposure to HMW polymers
and the PODs identified from them is provided in [ REF _Ref46678612 \h \* MERGEFORMAT

]. The PODs presented in the table include those from studies meeting the following criteria:

e Exposure was in vivo via inhalation (in vitro, intratracheal instillation studies were not
included);

* Exposure continued for at least 13 weeks; and

e Critical study information was reported, including exposure concentrations, exposure

frequency, and aerodynamic particle size (MMAD and GSD).

Each study was evaluated to determine whether the data were amenable for BMD modeling.

=-sSeveral subchronic studies , for the

polvacrvlaies and methacrviates subcategory that met the inilis] POD selection criferia, are

included in | REF Ref46678612 \h \¥* MERGEFORMAT |-that-met-the smtial POB-selection
extteria; however, BMD modeling was not performed on these studies because chronic studies

were available and deemed-more relevant for the hazard assessment. Two chronic studies met the
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POD selection criteria: the published 24-month rat study of 9000 type toner and the unpublished
18-month hamster study of the same toner | ADDIN EN.CITE ~ ADDIN EN.CITEDATA .
BMD modeling was performed forthe-data-inon the rat study performed by Muhle ef al. (1991) |
ADDIN EN.CITE
<EndNote><Cite><Author>Muhle</Author><Year>1991</Year><RecNum>16</RecNum><Di
splayText>[41]</DisplayText><record><rec-number>16</rec-number><foreign-keys><key
app="EN" db-1d="xs0a%0va7aastwexSaevOdvypOtS9sta5dac"
timestamp="1590846537">16</key></toreign-keys><ref-type name="Journal Article">17</ret-
type><contributors><authors><author>Muhle, H.</author><author>Bellmann,
B.</author><author>Creutzenberg, O.</author><author>Dasenbrock,
C.</author><author>Emst, H.</author><author>Kilpper, R.</author><author>Mackenzie, J.
C.</author><author>Morrow, P.</author><author>Mohr, U.</author><author>Takenaka,
S.</author><author>Mermelstein, R </author></authors></contributors><auth-address>Xerox
Corp,Joseph C Wilson Ctr Technol,Corp Environm Hith, Webster Ny 14580&#xD;Univ
Rochester,Rochester, Ny 14642 </auth-address><titles><title>Pulmonary Response to Toner
Upon Chronic Inhalation Exposure in Rats</title><secondary-title>Fundamental and Applied
Toxicology</secondary-title><alt-title>Fund Appl Toxicol</alt-title></titles><periodical><full-
title>Fundamental and Applied Toxicology</full-title><abbr-1>Fund Appl Toxicol</abbi-
I></periodical><alt-periodical><full-title>Fundamental and Applied Toxicology</full-
title><abbr-1>Fund Appl Toxicol</abbr-1></alt-periodical><pages>280-
299</pages><volume>17</volume><number>2</number><keywords><keyword>bronchoalveo
lar lavage fluid</keyword><keyword>diesel

exhaust</keyword><keyword>toxicity</keyword><keyword>clearance</keyword></keywords
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><dates><year>1991</year><pub-dates><date>Aug</date></pub-dates></dates><ishn>0272-
0590</isbn><accession-num>WOS: A1991FZ99700006</accession-num><urls><related-
urls><url>&lt;Go to [SI&gt;//WOS:A1991FZ99700006</url></related-urls></urls><electronic-
resource-num>Doi 10.1016/0272-0590(91)90219-T</electronic-resource-
num><language>English</language></record></Cite></EndNote>] -ashecause it used a longer
exposure duration, was published in a peer-reviewed journal, and did not change exposure

parameters were reported without measures of variability (i.e., standard deviation or standard
error). The incidences of lung fibrosis (summed across severity categories) were subjected to
BMD modeling, as described in Section 3 “Benchmark Dose (BMD) Modeling Outputs” of the
Supplemental Information file. The BMCL from the best-fitting model was 2.5 mg/m’, as shown

in [ REF _Ref46678612 \h \* MERGEFORMAT }.

Only a single study was available for the polyvinyl subcategory; however, BMD modeling on the

alveolar clearance for the tracer was not possible because of the absence of reported measures of

variability ( REF _Ref46678612 \h \* MERGEFORMAT J).
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Table | SEQ Table \* ARABIC ]. Available PODs for inhalation studies on HMW Polymers.

Strain, Species, Sex, Exposure .
Test material Exposure frequency |Concentrations 1(\:1)17;3(): Eg?ig (}IanM/(xjnI; Lung Effects at LOAEC Reference
and duration, Recovery (mg/m?) g 8 g/)

Polyacrylates and Methacrylates Sub-category
9000 Toner SPF F344 rats, male and - o ] . [ ADDIN
(styrene/butylmet |female (288/group); 24 25 Significantly decreased macrophages and increased EN.CITE

yrene/buty D ; 0,1,4,0r16 1 4 . ., |IPMN and lymphocytes in BAL; significantly increased |ADDIN
]1acrylate random |months (6 hr/d, 5 d/ Wk)~ (ﬁbl"OSIS) L. .. . . .

incidence of minimal to mild pulmonary fibrosis EN.CITE.D
copol}m}er) 2 months recovery ATA J
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Table | SEQ Table \* ARABIC ]. Available PODs for inhalation studies on HMW Polymers.

Test material

Strain, Species, Sex,
Exposure frequency
and duration, Recovery

Exposure
Concentrations
{(mg/m*)

NOAEC
(mg/m’)

LOAEC
(mg/m?)

BMCL
(mg/m’)

Lung Effects at LOAEC

Reference

9000 Toner
(styrene/butylmet

Syrian Golden
Han: AURA Hamster,
male and female,

0,1.5,6,0r24
(months 1-5); 0,

ND

Not
derived;
variable

Significantly increased incidences of )
bronchiolar/alveolar hyperplasia (males); accumulatiop
particle-laden macrophages in lungs; interstitial

[ ADDIN
EN.CITE
<EndNote>
<Cite><Aut
hor>Institut
e</Author>
<Year>199
1</Year><
RecNum>3
0</RecNum
><DisplayT
ext>[49]</
DisplayText
><record><
rec-
number>30
</rec-
number><f
oreign-
keys><key
app="EN"
db-
1d="x50a90
vaT7aasfwex
Saevidvyp0
t59sta5dae”
timestamp=
"159084915
2">30<Vkey
></foreign-
keys><ref-
type
name="Unp
ublished
Work">34<
fref-
type><contr
ibutors><au
thors><auth
or>Fraunho

Institute</a

ED_005294A_00000413-00074



Table | SEQ Table \* ARABIC ]. Available PODs for inhalation studies on HMW Polymers.

Test material

Strain, Species, Sex,
Exposure frequency
and duration, Recovery

Exposure
Concentrations
{(mg/m*)

NOAEC
(mg/m’)

LOAEC
(mg/m?)

BMCL
(mg/m’)

Lung Effects at LOAEC

Reference

Toner A
(styrene/butylmet
hacrylate random

F344/Cr1BR rat, female,
(58-66/group); 3 months
(6 hr/d, 5 d/wk); upto 6

0,4,16, or 64

ND

Not
derived

Significantly increased incidence slight to moderate [P
accunulation of particle-laden macrophages in hungs

[ ADDIN
EN.CITE
<EndNote>
<Cite><Aut
hor>Institut
e</Author>
<Year>199
1</Year><
RecNum>2
8</RecNum
><DisplayT
ext>[43]</
DisplayText
><record><
rec-
number>28
</rec-
number><f
oreign-
keys><key
app="EN"
db-
1d="x50a90
vaT7aasfwex
Saevidvyp0
t59sta5dae”
timestamp=
"159084898
5">28<key
></foreign-
keys><ref-
type
name="Unp
ublished
Work">34<
fref-
type><contr
ibutors><au
thors><auth
or>Fraunho

Institute</a
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Table | SEQ Table \* ARABIC ]. Available PODs for inhalation studies on HMW Polymers.

Test material

Strain, Species, Sex,
Exposure frequency
and duration, Recovery

Exposure
Concentrations
{(mg/m*)

NOAEC
(mg/m’)

LOAEC
(mg/m?)

BMCL
(mg/m’)

Lung Effects at LOAEC

Reference

[P

[ ADDIN
EN.CITE
<EndNote>
<Cite><Aut
hor>Bellma
nn</Author
><Year>19
92</Year><
RecNum>4
</RecNum>
<DisplayTe
xt>[40]</Di
splayText>
<record><r
ec-
number>4</
rec-
number><f
oreign-
keys><key
app="EN"
db-
1d="x50a90
vaT7aasfwex
Saevidvyp0
t59sta5dae”
timestamp=
"159084460
1">4</key>
</foreign-
keys><ref-
type
name="Jour
nal
Article">17
</ref-
type><contr
ibutors><au
thors><auth
or>Bellman
AGE |

B.</author>
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Table | SEQ Table \* ARABIC ]. Available PODs for inhalation studies on HMW Polymers.

Test material

Strain, Species, Sex,
Exposure frequency
and duration, Recovery

Exposure
Concentrations
{(mg/m*)

NOAEC
(mg/m’)

LOAEC
(mg/m?)

BMCL
(mg/m’)

Lung Effects at LOAEC

Reference

[P

[ ADDIN
EN.CITE
<EndNote>
<Cite><Aut
hor>Muhle
/Author><
Year>1990
</Year><R
ecNum>14
</RecNum>
<DisplayTe
xt>[39]</Di
splayText>
<record><r
ec-
number>14
</rec-
number><f
oreign-
keys><key
app="EN"
db-
1d="x50a90
vaT7aasfwex
Saevidvyp0
t59sta5dae”
timestamp=
"159084628
§">14<key
></foreign-
keys><ref-
type
name="Jour
nal
Article">17
</ref-
type><contr
ibutors><au
thors><auth
or>Muhle,
@G’Zh‘luﬂhop

<author>Be
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Table | SEQ Table \* ARABIC ]. Available PODs for inhalation studies on HMW Polymers.

Test material

Strain, Species, Sex,
Exposure frequency
and duration, Recovery

Exposure
Concentrations
{(mg/m*)

NOAEC
(mg/m’)

LOAEC
(mg/m?)

BMCL
(mg/m’)

Lung Effects at LOAEC

Reference

Toner B (styrene/
butadiene random
copolymer)

F344 rat, female (50
rats/group for main
study) up to 6 mo.

0,1,4,16, or 64

16

Not
derived

[ ADDIN
EN.CITE
<EndNote>
<Cite><Aut
hor>Institut
e</Author>
<Year>199
1</Year><
RecNum>2
9</RecNum
><DisplayT
ext>[50]</
DisplayText
><record><
rec-
number>29
</rec-
number><f
oreign-
keys><key
app="EN"
db-
1d="x50a90
vaT7aasfwex
Saevidvyp0
t59sta5dae”
timestamp=
"159084907
0">29<key
></foreign-
keys><ref-
type
name="Unp
ublished
Work">34<
fref-
type><contr
ibutors><au
thors><auth
or>Fraunho

Significantly increased incidence very slight to slight [PAGE |

focal/multifocal interstitial inflammatory cell
infiltration in lungs

Institute</a
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Table | SEQ Table \* ARABIC ]. Available PODs for inhalation studies on HMW Polymers.

Strain, Species, Sex, Exposure .
Test material Exposure frequency |Concentrations 1(\:1)17;3(): Eg?ig (}IanM/(xjnI; Lung Effects at LOAEC Reference
and duration, Recovery (mg/m?) g 8 g/)
Polyvinyls Sub-Category
[PAGE ]
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Table | SEQ Table \* ARABIC ]. Available PODs for inhalation studies on HMW Polymers.

Test material

Strain, Species, Sex,
Exposure frequency
and duration, Recovery

Exposure
Concentrations
{(mg/m*)

NOAEC
(mg/m’)

LOAEC
(mg/m?)

BMCL
(mg/m’)

Lung Effects at LOAEC

Reference

[P

[ ADDIN
EN.CITE
<EndNote>
<Cite><Aut
hor>Muhle
/Author><
Year>1990
</Year><R
ecNum>13
</RecNum>
<DisplayTe
xt>[46]</Di
splayText>
<record><r
ec-
number>13
</rec-
number><f
oreign-
keys><key
app="EN"
db-
1d="x50a90
vaT7aasfwex
Saevidvyp0
t59sta5dae”
timestamp=
"159084589
4">13<key
></foreign-
keys><ref-
type
name="Jour
nal
Article">17
</ref-
type><contr
ibutors><au
thors><auth
or>Muhle,
@G’Zh‘luﬂhop

<author>Be
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Study Selection for establishing sub-category points of departure (PODs)

In rats, the key events in the development of lung tumors in-rats-in response to inhalation of
inorganic PSPs (as outlined by ECETOC 2013 [ ADDIN EN.CITE
<EndNote><Cite><Author>ECETOC</Author><Year>2013</Year><RecNum>9</RecNum><
DisplayText>[29]</DisplayText><record><rec-mamber>9</rec-mumber><foreign-keys><key
app="EN" db-1d="xs0a%0va7aastwexSaevOdvypOtS9sta5dac"
timestamp="1590845309">9</key></foreign-keys><ref-type name="Report">27</ref-
type><contributors><authors><author>ECETOC</author></authors></contributors><titles><tit
le>Poorly Soluble Particles / Lung Overload</title></titles><pages>130,
http://www.ecetoc.org/wp-content/uploads/2014/08/ECETOC-TR-122-Poorly-Soluble-Particles-
Lung-Overload.pdf</pages><number>Technical Report No.
122</number><dates><year>2013</year><pub-dates><date>December 2013</date></pub-
dates></dates><pub-location>Brussels, Belgnim</pub-location><publisher>European Centre
for Ecotoxicology and Toxicology of Chemicals</publisher><work-type>Technical
Report</work-type><urls><related-urls><url>http://www.ecetoc.org/wp-
content/uploads/2014/08/ECETOC-TR-122-Poorly-Soluble-Particles-Lung-
Overload.pdf</url></related-urls></urls></record></Cite></EndNote>], Bevan et a/., 2018 |
ADDIN EN.CITE ADDIN EN.CITE.DATA ], Driscoll and Borm, 2020 [ ADDIN EN.CITE
<EndNote><Cite><Author>Driscoll</Author><Year>2020</Year><RecNum>40</RecNum><
DisplayText>[52]</DisplayText><record><rec-mumber>40</rec-number><foreign-keys><key
app="EN" db-1d="xs0a%0va7aastwexSaevOdvypOtS9sta5dac"

timestamp="1595775199">40</key></toreign-keys><ref-type name="Journal Article">17</ret-
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type><contributors><authors><author>Driscoll, K. E.</author><author>Borm, P. J.

A </author></authors></contributors><auth-address>Healthcare Innovation Partners, Princeton,
NI, USA.&#xD;Ernest Mario School of Pharmacy, Rutgers University, Piscataway, NJ,
USA.&#xD;Nanoconsult BV, Meerssen, The Netherlands.&#xD;Dusseldorf University,
Dusseldorf, Germany.</auth-address><titles><title>Expert workshop on the hazards and risks of
poorly soluble low toxicity particles</title><secondary-title>Inhal Toxicol</secondary-
title><alt-title>Inhalation toxicology</alt-title></titles><alt-periodical><full-title>Inhalation
Toxicology</full-title></alt-periodical><pages>53-
62</pages><volume>32</volume><number>2</number><edition>2020/03/10</edition><keyw
ords><keyword>*pslt</keyword><keyword>*hazard</keyword><keyword>*inhalation</keyw
ord><keyword>*lung cancer</keyword><keyword>*lung particle
overload</keyword><keyword>*particles</keyword><keyword>*risk</keyword></keywords>
<dates><year>2020</year><pub-dates><date>Feb</date></pub-dates></dates><isbn>0895-
8378</isbn><accession-num>32149535</accession-num><urls></urls><electronic-resource-
num>10.1080/08958378.2020.1735581 </electronic-resource-num><remote-database-
provider>NLM</remote-database-
provider><language>eng</language></record></Cite></EndNote>]) are: (1) impaired
pulmonary clearance, (2) persistent neutrophilic inflammation, (3) increased production of
reactive oxygen species (ROS) and reactive nitrogen species (RNS), and (4) proliferation of cells
initiated by secondary genotoxicity (from ROS, RNS, and/or inflammation) and tumor

formation.
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Though the key events for lung overload from HMW polymers have not been thoroughly

studied, the available data as-revis suggests that HMW polymers may lead to lung
overload in the rat through similar key events. It should be noted that cytotoxicity to

macrophages by a poorly soluble HMW polymer or components present in the polymer may

negatively impact clearance via alveolar macrophages;

However, substances with these properties (i.e., cytotoxicity) would not be included

within the boundaries for the HMW polymers category.

Of the studies listed in [ REF _Ref46678612 \h \* MERGEFORMAT ], PODs of 2.5 mg/m® and
3.3 mg/m® were identified for the polyacrylates/ methacrylates sub-category and the polyvinyls

sub-category, respectively. The 24-month study on the 9000 Toner with a BMCLig of 2.5 mg/m®
for pulmonary fibrosis was selected as a principle study for polyacrylates/methacrylates because

it was the longest duration study es-this-sub 20470 sale-and was conducted in the most

susceptible species for lung overload (i.e., the rat). Muhle et al. (1990) [ ADDIN EN.CITE
<EndNote><Cite><Author>Muhle</Author><Year>1990</Y ear><RecNum>13</RecNum><Di
splayText>[46]</DisplayText><record><rec-number>13</rec-number><foreign-keys><key
app="EN" db-id="xs0a%0va7aastwex5aev0dvypOt59staSdae"
timestamp="1590845894">13</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>Muhle, H.</author><author>Bellmann,
B.</author><author>Creutzenberg, O.</author><author>Heinrich, U.</author><author>Ketkar,
M.</author><author>Mermelstein, R.</author></authors></contributors><titles><title>Dust
overloading of lungs after exposure of rats to particles of low solubility: Comparative

studies</title><secondary-title>Journal of Aerosol Science</secondary-
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title></titles><periodical><tull-title>Journal of Aerosol Science</tull-
title></periodical><pages>374-
377</pages><volume>21</volume><number>3</number><dates><year>1990</year></dates>
<urls></urls><electronic-resource-num>https://doi.org/10.1016/0021-8502(90)90062-
3</electronic-resource-num></record></Cite></EndNote>] was selected as a principle study for
identifying a LOAEC of 3.3 mg/m® for the polyvinyls sub-category because it was based on
decreased alveolar clearance, which is the first key event in the proposed adverse outcome
pathway for lung overload from PSPs in the rat | ADDIN EN.CITE  ADDIN EN.CITE.DATA
1. These study PODs represent potential starting points for evaluating new chemical substances
that fit within one of the HMW polymer sub-categories. FPA may determine that either of these
PODs is an acceptable toxicological analogue for chemistries that do not fit within the sub-
categories but are anticipated to have cemparable or greatera potential for eansing lung overload
in the rat than the new chemical substance under evaluation. For example, EPA generally uses
the POD of 3.3 mg/m’® for quantifying the potential risks of HMW polymers, even for
chemistries that would not fall within the polyvinyls sub-category, based on the properties of the

new chemical substance¢e er. Notwithstanding this, we recognize that

data on a new chemical substance or an alternative analogue would take precedence over using
one of these analogues as the default POD, if EPA concludes there are no study limitations on

the new chemical substance or alternative analogue that would preclude the use of those data.

Due to the limited data on HMW polymers, available knowledge about inorganic PSPs was used

to make inferences about HMW polymers. Compared to systemic effects, lung overload

responses to inorganic PSPs show large variations in susceptibility between and among
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mammalian species, with the rat being the only species to develop lung tumors | ADDIN
EN.CITE
<EndNote><Cite><Author>ECETOC</Author><Year>2013</Year><RecNum>9</RecNum><
DisplayText>[29]</DisplayText><record><rec-number>9</rec-number><foreign-keys><key
app="EN" db-id="xs0a90va7aastwex5aevOdvypOtS9staSdae"
timestamp="1590845309">9</key></foreign-keys><ref-type name="Report">27</ref-
type><contributors><authors><author>ECETOC</author></authors></contributors><titles><tit
le>Poorly Soluble Particles / Lung Overload</title></titles><pages>130,
http://www.ecetoc.org/wp-content/uploads/2014/08/ECETOC-TR-122-Poorly-Soluble-Particles-
Lung-Overload.pdf</pages><number>Technical Report No.
122</number><dates><year>2013</year><pub-dates><date>December 2013</date></pub-
dates></dates><pub-location>Brussels, Belgnim</pub-location><publisher>European Centre
for Ecotoxicology and Toxicology of Chemicals</publisher><work-type>Technical
Report</work-type><urls><related-urls><url>http://www.ecetoc.org/wp-
content/uploads/2014/08/ECETOC-TR-122-Poorly-Soluble-Particles-Lung-

Overload. pdf</url></related-urls></urls></record></Cite></EndNote>]. This species-specific
response has been explained by species differences in the accumulation of insoluble and
respirable particles in the lungs, although cytotoxicity is also an issue with some inorganic PSPs
(e.g., crystalline silica). Fer-exaraple,-hHumans are at least six times more resistant to attaining
Iung overload conditions than rats for the following reasons: human alveolar macrophages
(AMs) are larger (i.e., average volume = 4,990 pm?®) than rat AMs (i.e., average volume = 1,166
um?); humans have a greater number of AMs (i.e., average = 7.0 x 10°) than rats (i.e., average =

2.6 x 107); and human AMs patrol a smaller surface area (i.e., average = 22,000 um?/AM) than
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rat AMs (i.e., average = 140,000 um*AM) [ ADDIN EN.CITE  ADDIN EN.CITEDATA |.
Further, the site of retention for poorly soluble particles differs between rats and humans. Nikula
etal. (2001) [ ADDIN EN.CITE
<EndNote><Cite><Author>Nikula</Author><Year>2001</Year><RecNum>62</RecNum><D
isplayText>[ 54 |</DisplayText><record><rec-number>62</rec-number><foreign-keys><key
app="EN" db-1d="xs0a9%0va7aastwexSaev0dvyp0Ot59staSdae"
timestamp="1595803440">62</key></foreign-keys><ref-type name="Journal Article">17</ref-
type><contributors><authors><author>Nikula, K. J.</author><author>Vallyathan,
V.</author><author>Green, F. H.</author><author>Hahn, F.

F </author></authors></contributors><auth-address>l.ovelace Respiratory Research Institute,
Albuquerque, New Mexico 87185, USA.</auth-address><titles><title>Influence of exposure
concentration or dose on the distribution of particulate material in rat and human
lungs</title><secondary-title>Environ Health Perspect</secondary-title><alt-
title>Environmental health perspectives</alt-title></titles><periodical><full-title>Environ
Health Perspect</full-title></periodical><pages>311-
8</pages><volume>109</volume><number>4</number><edition>2001/05/04</edition><keyw
ords><keyword>Adult</keyword><keyword>Air
Pollutants/*pharmacokinetics</keyword><keyword>Animals</keyword><keyword>Coal</key
word><keyword>Dose-Response Relationship,
Drug</keyword><keyword>Dust</keyword><keyword>Humans</keyword><keyword>*Inhala
tion Exposure</keyword><keyword>Lung/*chemistry</keyword><keyword>Macrophages,
Alveolar</keyword><keyword>Male</keyword><keyword>Middle

Aged</keyword><keyword>*Mining</keyword><keyword>*Occupational
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